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FOREWORD

This report has been prepared by the Gemini Launch Vehicle Pro-
gram Test Evaluation Section of the Martin Company, Baltimore Divi-
sion. It is submitted to the Space Systems Division, Air Force Systems
Command, in compliance with Contract AF04(695)-394.
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SUMMARY

On ii November 1966, Gemini-Titan No. 12 (GT-12) was launched

successfully and on schedule from Complex 19, Cape Kennedy, Florida.

Launch vehicle/spacecraft separation was completed 366.7 seconds

after liftoff. Spacecraft re-entry was accomplished after completion
of 63 orbits.

The GT-12 240-minute countdown was picked up at 1143 EST on
11 November and progressed smoothly, with astronaut ingress at approx-
imately T-f15 minutes. The Atlas-Agena was successfully launched at
T-95 minutes (1407 EST). The countdown continued normally, and the
programmed hold was initiated automatically at T-3 minutes for 3.5
minutes to adjust for proper liftoff time. The countdown resumed at
T-3 minutes, and liftoff occurred on schedule at 1546 EST. The space-
craft was inserted into an elliptical orbit with a perigee of 87.3 nautical
miles and an apogee of 151.5 nautical miles. All test objectives for the
launch and flight were achieved.

Stages I and II engines operated satisfactorily throughout powered
flight. Stage I burning time was 158 seconds, with shutdown initiated
by fuel exhaustion. Stage II engine operation was terminated by a guid-
ance command after 188.8 seconds of burning.

The flight control system (FCS) maintained satisfactory vehicle sta-
bility during Stages I and II flight. The primary FCS was in command
throughout the flight. Vehicle rates during Stage I flight did not exceed
1.7 deg/sec, and the maximum attitude error was 1.26 degrees. The
maximum rate and attitude error that occurred during staging did not
exceed 4.3 deg/sec and 1.3 degrees, respectively.

Performance of the radio guidance system (RGS) was satisfactory.
Pitch and yaw steering signals and SECO discrete commands were
properly executed.

IGS pitch, yaw and roll performance during the entire flight appeared
normal. The dispersions between IGS and primary system attitude errors
remained within acceptable limits during powered flight.

The hydraulic system operated satisfactorily during the 240-minute
countdown and both stages of flight. There were no significant pressure
perturbations at liftoff or during flight.

The electrical system functioned as designed throughout the launch
countdown and flight, power transfer to vehicle batteries was smooth.

All channels of the PCM instrumentation system except Meas 0514
functioned properly throughout the flight. The landline instrumentation
system also functioned satisfactorily prior to and up to liftoff. All

UNCLASSIFIED
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airborne instrumentation hold functions monitored in the blockhouse

remained within specification throughout the countdown.

The ordnance system umbilical dropweight release, propulsion sys =
tern prevalves, explosive launch nuts and stage separation nuts oper-
ated satisfactorily.

The performances of the command control receivers and the MISTRAM
transponder were satisfactory.

Malfunction detection system (MDS) performance during preflight
checkout and flight was satisfactory. There were no switchover com-
mands during the flight.

The flight environment encountered by GT-12 was within design re-
quirements. Flight loads were well within the structural capabilities
of the launch vehicle. The most critical loading (which occurred at pre-
bECO, aft of Station 320) reached 87.3% of design limit load in compres-
sion.

The longitudinal oscillation (POGO) on GT-12 reached a maximum
value at spacecraft/launch vehicle interface of 0.14 g zero-to-peak at
a frequency of 11.2 cps at LO + 126.1 seconds.

A review of film from ground tracking and ALOTS indicates that the
GLV-12 staging event appeared similar to that noted on GLV-10. After
stage separation a large reddish cloud appeared at the top of the Stage I
oxidizer tank, followed by a white cloud at the Stage I fuel tank. This
staging event posed no hazards to crew safety and did not jeopardize
mission success.

Crew safety monitoring, which was conducted at NASA-MSC, was

active during prelaunch and the launch. All guidance monitor param-
eters were nominal, and no corrective action was required during the

flight.

All electrical umbilicals disconnected in the planned sequence and
within 0.83 second. Engine blast and heat damage to the launch stand
was minor.

The simulated flight test (SFT) was successfully performed on
2 November 1966. The precountdown tests, for the launch scheduled
for 9 November 1966, were not started due to a secondary flight con-
trol system 26-volt 800-cycle power failure. The launch was subse-
quently rescheduled for i0 November 1966. After replacement packages
for the autopilot were installed and successfully tested, a secondary
Stage II rate gyro SMRD no-go was observed for approximately 45 sec-
onds. The secondary autopilot was replaced, and the launch was resched-
uled for ii November 1966. The precountdown tests were successfully
completed at 1530 EST on I0 November.

Propellant loading to specified load and temperature limits was
completed within a span of 3 hours 20 minutes.

UNCLASSIFIED
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GLV-12 Test Objectives and Results

Primary

P-1

P-2

Secondary

S-1

Objective Results

Demonstrate satisfactory
boost by the Gemini
launch vehicle system of
a manned Gemini space-
craft into the prescribed
orbital insertion condi-
tions.

Demonstrate perform-
ance of GLV subsystems
during powered flight,
relative to mission suc-

cess and crew safety.

Demonstrate ability to
load propellants to
weight and temperature
limits imposed by pay-
load and vehicle re-
quirements.

P-1 Orbit insertion was with-

in the predicted toler-
ances for V, h and 7.

P-2 All systems performed
satisfactorily throughout
flight. The POGO oscil-
lation was 0.14 g zero-
to-peak at a frequency of
11.2 cps at spacecraft-
launch vehicle interface.

S-1 Tanks were loaded within

the required tolerances
of weight and tempera-
ture.

S-2 Demonstrate effective-
ness of combined GLV
and GAATV countdown

and launch operations,
including necessary
ground/range support
systems to achieve pre-
scribed rendezvous mis-
sion launch requirements.

S-2 Atlas/Agena was success-

fully launched at T-95
minutes, followed by the
GT-12 liftoff on schedule.
A 3.5 minute hold to ad-

just for proper liftoff
time was required.
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I. INTRODUCTION

This report presents an engineering evaluation of Gemini Launch
Vehicle No. 12 (GLV-12)systems performance during the countdown,
launch and powered flight phase of the Gemini 12 mission.

The GT-12 vehicle was launched on schedule from Complex 19, Cape
Kennedy, Florida at 1546 hours EST on 11 November 1966.

Gemini 12 was the twelfth mission and the tenth manned flight of the
program, with astronauts James A. hovell, Jr., and Edwin E. Aldrin, Jr.
aboard the spacecraft. The mission, which included a rendezvous and
docking with the Agena Target Vehicle (ATV), was completed on 15 No-
vember 1966.

The GT-12 vehicle was comprised of the two-stage GLV-12 (similar
to GLV-11) and the Gemini 12 spacecraft. The spacecraft was injected
into an elliptical orbit having a perigee of 87.3 nautical miles and an
apogee of 151.5 nautical miles.

Significant events and tests for GLV-12 at ETR are summarized in
Fig. I- 1.
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II. SYSTEM PERFORMANCE

A. TRAJECTORY ANALYSIS

I. Orbit Insertion

Gemini Launch Vehicle No. 12 (GLV-12) performed as predicted and
inserted the Gemini 12 spacecraft into earth orbit well within the allow-
able tolerance limits to permit rendezvous with the Agena Target Ve-
hicle.

GT-12 was steered in the lateral plane during Stage II flight to a
set of ephemeris data referenced to the time of inseI'tion (or targeting).
The values of these targeting parameters are given in Table II-1. The

targeted and observed inclination angles were both 28. 857 degrees.
The targeted wedge angle at liftoff was -0.16 degree. The observed
residual wedge angle at insertion was 0.

TABLE II- 1

Agena Target Vehicle Ephemeris Data

GMTLO

TR*

i

V F

74,793. 308 sec

162,245.57 sec

28. 8569 deg

-0. 18891 x 10 -5 rad/sec

25,728.7 fps

*Relative to Complex 19.

A comparison of the predicted and observed insertion conditions is

given in Table II-2. In this table and in all succeeding references to a
predicted (nominal) trajectory, the data were obtained from the GLV-12
45-day prelaunch report (Ref. 15), updated to reflect the actual space-
craft weight (8294 pounds), guidance constants, T-1 hour wind and

atmospheric data, and the -0.49% pitch programmer bias. The pre-
dicted nominal trajectory includes g sensitive TARS roll gyro drift
estimated for GLV- 12 based on the test data pertinent to the TARS
package used for this flight. The value used in the GLV-12 predicted
trajectory is 6. 335 deg/hr/g (counterclockwise roll) compensated at
2.2 g, i.e., GLV will roll clockwise above 2.2 g axial acceleration.

ER 13227-12
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The predicted trajectory also reflects Stage I engine thrust misalign-
ment of 0. 1091 degree nose left yaw. The observed trajectory param-
eters are those derived by the Martin Company from the final GE MOD
III-A 2-pps data. These data have been smoothed and corrected for
both refraction errors and systematic biases by the General Electric
Corporation before submittal to the Martin Company.

TABLE II-2

Comparison of Insertion Conditions at SECO + 20 Seconds

Altitude (naut mi)

Inertial velocity (fps)
Inertial flight path

angle (deg)

Predicted
Nominal

86.75

25,728. 1

0. 0079

GE Mod
III -A

86.96
25,722

-0.08

Observed
Minus

Planned

0.21
-6. 1

-0. 0879

Preliminary
Tolerance

0.583
39.32

0.2583

2. Derivation of Trajectory Uncertainties

The expected maximum vehicle dispersions and RGS dispersions at
BECO and atSECO + 20 seconds were obtained from Refs. 16 and 17,

respectively. A root sum square (RSS) of these dispersions is termed
the preliminary tolerance. After determination of the preliminary
tolerance, the total tolerance may be computed by the arithmetic addi-
tion of the preliminary tolerance to the 3-sigma data error of the in-
strumentation source being considered. Thus,

Preliminary tolerance = _(vehicle dispersions} 2 + (RGS dispersions) 2

Total tolerance = preliminary tolerance + 3-sigma data error.

The resulting preliminary tolerance is shown in Table II-3. Be-
cause the actual insertion conditions were ",,ithin the preliminary toler-
ance and the data error estimates are uncertain at this time, they have
been excluded from this report.

3. Flight Plan

The primary objective for GLV-12 was to place the Gemini 12 space-
craft into an elliptical earth orbit with an 87-nautical mile perigee* and
151-nautical mile apogee. * Having achieved orbital insertion at 25,728
fps, ** the spacecraft then separates from Stage II (adding 20 fps to
spacecraft velocity in the process) and coasts to the desired apogee. The
following flight plan was employed to attain the desired conditions.

*Relative to Complex 19.
**Does not include the separation velocity imparted by the spacecraft.
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A vertical rise is planned for the first 23.04 seconds following lift-
off, during which time a programmed roll rate of I. 25 deg/sec is ini-
tiated to roll the vehicle from a pad orientation" of 84. 933 degrees to the

flight azimuth of 100.6 degrees.

At this time, an open-loop pitch program, which terminates at 162.56
seconds, is begun (via a three-step rate command). The nominal com-
manded pitch rates and their times of application are shown in Table II-4.

Guidance commands from the radio guidance system (RGS) are ini-
tiated at LO + 168.35 seconds and continue until two seconds prior to
SECO; however, velocity cutoff computations continue to SECO. Between
SECO and SECO + 20 seconds, the engine shutdown impulse continues
to add velocity to the vehicle (approximately 82 fps), and the spacecraft
is separated from the sustainer after SECO + 20 seconds.

TABLE II-4

Planned GLV Pitch Program

Rate Time from Liftoff

Program (deg/sec) (sec)

Step 1

Step 2

Step 3

-0. 709

-0. 516

-0. 235

23.04 to 88.32

88.32 to 119.04

119.04 to 162. 56

A comparison of the planned and actual sequences of events is con-
tained in Table II-5, and a profile of the GT-12 flight superimposed

on the range planning map appears in Fig. II-1.

4. Trajectory Results

Analysis of the range data and Mod III-A radar data indicates that
the performance of GLV-12 was normal and the vehicle flew close to
the prescribed ascent trajectory throughout Stages I and II.

Insertion velocity adjust routine (IVAR) imparted a total AV of 28

fps to the spacecraft.

Table II-6 shows a reconstruction of the BECO Condition by con-

sidering the actual engine data, weather conditions, propellant loading,

engine misalignments, wind and guidance errors. This table is com-
prised of those items which can be measured and those which can only
he estimated due to lack of suitable instrumentation. The primary

factors contributing to the pitch and yaw plane trajectory dispersions
at BECO are listed and the effect of each is summarized.

ER 13227-12



TABLE II- 5

GT-12 Flight Events Summary

II-5

Measurement

0800/0801

FC B-10

2104

2339

2340

0169

4421

4422

4423

0734

0734

0732

0732

0732

0728

0732

0732

0735

0741

0356

0357

0032

0502

0368/369

0855

0732

0740

0755/0756

0739

0777

0519

0522

0521

0799

0855

0699

Event

Power transfer

MOCS T-0

87FS 1 (T-0)

Stage I S/A-1 MDTCPS make

Stage I S/A-2 MDTCPS make

Launch nuts

First motion

Shutdown lockout (backup}

Liftoff

Start roll program

End roll program

Start pitch program No. 1

Stop pitch program No. 1

Start pitch program No. 2

FCS gain change No. 1

Stop pitch program No. 2

Start pitch program No. 3

Staging enable (TARS discrete}

IPS staging arm timer

Stage I S/A-1 MDTCPS break

Stage I S/A-2 MDTCPS break

87FS2/91FS 1 (BECO)

Start P rise
c 3

Stage separation

Stage II MDFJPS make

Stop pitch program No. 3

RGS enable

First guidance command

Stage II shutdown enable

Guidance SECO

91FS 2

Shutdown valve relay

Shutdown squib

ASCO

Stage II MDFJPS break

Spacecraft separation

GMT

(hr-min-sec)

2045:04. 15

2046:30. 136

:30. 190

:31. 105

:31. 105

:33. 217

:33. 308

:33. 327

2046:33. 419

:41.41

:53.89

:56.47

2048:01. 68

:01. 68

:23. 10

:32.38

:32.38

:57.96

:58.40

2049:08. 113

:08. 134

:08. 168

:08. 833

:08.87

:08. 899

:15.83

:15. 82

:2 i. 43

2051:50.52

2052:16. 938

:16. 958

:16.95

:17.01

:17.01

:17. 099

:40. 143

Time from Liftoff

(sec)

Actual Planned

-89.27 -89

-3. 283 -3.36

-3.229 -3.30

-2.314 -2.20

-2.314 -2.20

-0.202 -0.20

-0. 111 -0. i0

-0. 092 -0. I0

0 0

7.99 8.00

20.47 20.48

23.05 23.04

88.26 88.32

88.26 88.32

109.68 Ii0.00

118.96 119.04

118.96 119.04

144.54 144.64

144.98 145.00

154. 694 153.30

154.715 153.30

154.749 153.36

155.414 154.01

155.45 154.09

155.480 154.29

162.41 162.56

162.40 162.56

168.01 168.35

317.10 317.44

343.519 340.88

343.539 340.90

343.53 340.92

343.59 340.92

343.59 340.93

343.680 341.20

366.724 360.90

JTI,',L
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Fig. 11-1. GT-12 Boost F l i g h t  Path Profile 
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The differences shown in the apparent and measured increments of
Table II-6 are well within the allowable tolerance limits presented in
Table II-3.

Table II-7 presents the trajectory parameters computed from the
smoothed GE Mod III-A, MISTRAM I and II and BET data and the
MISTRAM I quick-look data. At BECO and SECO + 20 seconds all of
the flight data yielded comparable results.

The predicted trajectory used a launch azimuth of 100.6 degrees,
whereas the actual flight azimuth was 100.5 degrees. The difference
was due to the fact that the angle roundoff to the nearest tenth of a

degree was assumed (for predicted trajectory) on the requested target
value of 100.55 degrees. On the flight, the roundoff was not applied
until the commanded roll was computed on the basis of the pad align-
ment. This resulted in a 0.1-degree excess counterclockwise roll and,
hence, a 100.6-degree launch azimuth for the predicted trajectory.

The effect on the predicted trajectory due to the 0.1-degree higher
launch azimuth is a yaw displacement of 2600 feet to the right in the
AFMTC coordinate system at insertion.

All radar measurements were reduced at an AFMTC coordinate

system with the + X axis oriented to a 100.6-degree azimuth.

The actual, as well as the predicted, nominal trajectory is pre-
sented in graphical form in Figs. II-2 through II-24. On these graphs,
the nominal trajectory is that documented in Ref. 15 updated to reflect
the items stated in Section II-1. The observed flight data were obtained
from the Mod III-A 2-pps data, smoothed and corrected for refraction

errors and systematic biases.

A list of the primary tracking sources with the trajectory time inter-
val covered by each is contained in Table II-8.

5. Geodetic and Weather Parameters

Significant geodetic and surface weather parameters for GT-12 flight
are shown in Table II-9. T-I hour atmospheric temperature and pres-
sure variation with altitude is depicted in Fig. II-25. Wind speed and
direction variation with altitude is depicted in Fig. II-26. Wind speed
was relatively light from liftoff to 20,000 feet, with the direction gen-
erally a tailwind (as seen from the launch vehicle) remaining steady to
an altitude of 60,000 feet. Maximum wind speed (53 knots) was reached

at 46,000 feet, diminishing with increasing altitude to near zero at
62,000 feet. Wind speeds were generally below I0 knots at all altitudes
above 62,000 feet.
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TABLE II- 7

Comparison of GT-12 Predicted and Observed
Performance at BECO and at SECO + 20 Seconds

BECO

Time from LO (sec)

Inertial velocity (fps)

Altitude (ft)

Inertial flight path angle (deg)

Ground range (naut mi)

Geocentric radius (ft)

Downrange position, X F (ft)

Crossrange position, YF (ft)

Vertical position, Z F (ft)

Downrange velocity, XF (fps)

Crossrange velocity, YF (fps)

velocity, 7"F (fps)Vertical

SECO + 20 seconds

Time from LO (sec)

Inertial velocity (fps)

Altitude (ft)

Inertial flight path angle (deg)

Ground range (naut mi)

Geocentric radius (ft)

Downrange position, X F (ft)

Crossrange position, YF (ft)

Vertical position, Z F (ft)

Downrange velocity, XF (fps)

Crossrange velocity, YF (fps)

Vertical velocity, ZF (fps)

Yaw steering velocity, Vy (fps)

Biased yaw steering velocity, Vy (fps)

Predicted

Nominal

Trajectory

(Ref. 15.)

153.361

9813.3

201,587

18.747

49.384

21,111,607

303,155

626. 14

199,381

8002.3

25.836

3035.3

360.814

25,728.1

527,102

0.00793

544.9

21,438,755

3,380,315

96,504

259,006

24,026

1179.3

-3847.4

4.732

-5.268

GE Mod III-A

(2 PPS)

154.749

9890

204,500

18.67

49.238

21,114,500

310,247

-777.66

202,164

8070.1

-21.71

3038.95

363. 539

25,722

528,377

-0.08

550.4

21,440,063

3,414,595

92,411

254,819

24,011

1172.3

-3941.2

8.35

Tracking Facility

MISTRAM

MISTRAMI I and R

154.749 154.749

9890 9885

206,070 204,471

18.60 18.67

51.10 50.53

21,115,865 21,114,501

313,751 310,241

:804.3 -782

203,474 202,162

8078 8076

-22.1 -21.9

3029 3041

363.539 363,539

25,718 25,710

527,014 526,703

-0.05 0.025

550.0 550.48

21,438,701 21,438,389

3,414,740 3,414,712

92,428 92,516

253,416 253,106

24,011 24,004

11_6.0 1173

-3972 -3876

5.181 6.68

BET

154.749

9890

204,477

18.67

50.53

21,114,505

310,240

-789.8

202,169

8068.4

-21.77

3038.6

363.539

25,710

526,704

0.025

550.49

21,438,404

3,414,712

92,515

253,105

24,004

1173

-3876

6.69

*Updated to include items stated in Section II-1

**Launch azimuth I00.6 deg used in predicted trajectory.
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6. Look Angles

The maximum look angle in pitch (LAP) occurred at LO + 336 sec-
onds, when it attained a value of 20.3 degrees. This maximum value
was within the boundary existing at that time, as shown in Fig. II-27.
The corresponding look angle in yaw (LAY) was also within the estab-
lished limitation, as shown in Fig. II-28. The maximum value of LAY
was -4.60 degrees, which occurred 343 seconds after liftoff.

TABLE II-8

Data Available for Trajectory Analysis

Source

GE

NASA-MSC

AFETR

Type

Mod III-A radar

position, velocity

Spacecraft IGS
ascent param-
eters

MISTRAM position,
velocity and
acceleration

Station

Cape Kennedy

Va]karia I
Eleuthera II

Flight Coverage
(sec from range-0)

LO to +36 9

LO to +380

50 to 370

158 to 384

TABLE II- 9

Geographic and Weather Conditions at Launch

Lo c at ion

Site

Site coordinates:

Latitude (deg)
Longitude (deg)

Pad orientation (deg)

Weather

Ambient pressure (psi)

Ambient temperature (°F)

Dew point (°F)

Complex 19

28. 507 N
80. 554 W

84. 912 true azimuth

14. 77

76

68
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TABLE II-9 (continued)

Relative humidity (%)

Surface wind:

Speed (fps)
Direction (deg)

Winds aloft (max):

Altitude (ft)

Speed (fps)

Direction (deg)

Cloud cover

Reference Coordinate System

Type

Origin

Positive X-axis

Positive Y-axis

Positive Z-axis

Reference ellipsoid

Launch

Initial flight azimuth (deg)

Roll program (deg)

71

8.4
080

46,000

89.3

285 true azimuth

Clear

Martin reference coordinate system

Center of launch ring, Complex 19

Downrange along flight azimuth
tangent to ellipsoid

To left of flight azimuth tangent to
ellipsoid and .k X-axis

Forms a right-handed orthogonal

system

Fischer

106.51 true azimuth

15.6 ccw

7. Maximum Dynamic Pressure

The maximum dynamic pressure for the GT-12 trajectory was less

than design limits. Table II-10 compares the predicted and observed
conditions associated with the maximum dynamic pressure. The no
wind nominal predicted value of maximum dynamic pressure was 749
psf occurring at 78.8 seconds after liftoff.
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TABLE II-10

Trajectory Parameters at Maximum Dynamic Pressure

Dynamic pressure (psi)

Time from liftoff (sec)

Mach number

Altitude (it)

Relative flight path angle (deg)

Relative wind velocity (fps)

Wind velocity (fps)

Wind azimuth (deg from north)

Angle of attack (deg)

Angle of sideslip (deg)

Predicted*
(nominal) Obs e rve d**

737.2

78.6

1. 68

43,000

49. 89

1608

74.1

29O

-0. 465

-0.256

730.2

78.34

1. 67

42,780

49. 97

1595

75.8

29O

-0. 573

-0. 571

*Ref. 15, updated (see Section II-1),
**Mod III-A 2-pps radar data.

8. Angles of Attack and Sideslip

Predicted and observed histories of angles of attack and sideslip
during the ascent are shown in Figs. II-12, If-13, II-20 and II-21.
The predicted values were obtained from a digital run utilizing wind
and atmospheric information obtained from the 1422 EST Rawinsonde

sounding. Observed angles of attack and sideslip were derived using
the Mod III-A position and velocity information, IGS attitude data and
the aforementioned weather data.

B. PAYLOAD CAPABILITY

Propellants remaining onboard at Stage II low level sensor un-
cover indicated that a burning time margin (BTM) of 2. 62 seconds
existed for a command shutdown. The total usable propellant weight
was 850 pounds, and the corresponding GLV payload capability was
9218 pounds. These values and the predicted nominal and minimum
values appear in Fig. II-29. The predicted capability curves were ob-
tained from the real-time propellant temperature monitoring digital
program adjusted to reflect the pre-liftoff temperature changes and
the actual Agena ephemeris data used in the guidance equations at
launch. The predicted propellant weight and burning time margins are
based on the difference between these curves and the 8294-pound space-
craft weight.

L V ....... - .... IH
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The last payload prediction indicated that the minimum payload
capability was 76 pounds less than the spacecraft weight, and the
nominal payload capability was 557 p}_unds greater than the spacecraft
weight at the predicted launch time. The actual (postflight recon-
structed) GLV capability was 924 pounds greater than the spacecraft
weight.

C. STAGING

The staging sequence was normal and physical stage separation oc-

curred as planned. The time interval from staging signal (87FS2/91FSI)

to start of Stage II engine chamber pressure (Pc3) rise was 0. 665 sec-

ond. This compares favorably with the nominal expected time of 0.70
_: 0.08 second. Stage separation occurred 0. 037 second following start
of P rise.

c 3

D. WEIGHT STATEMENT

Table II-11 shows the GT-12 weight history from launch to orbital
insertion.

The postflight weight report (Ref. 18) provides the background data
for this summary. The report includes a list of dry weight empty
changes at ETR and shows a derivation of weight empty from the actual
vehicle weighing. Other items covered include the derivation of burn-
out, BECO, SECO and shutdown weights; weight comparisons with the
BLH data; and the center of gravity travel envelope as a function of
burn time for the horizontal, vertical and lateral planes.
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TABLE II- 11

GT- 12 Weight Summary

Loaded weight

Start and gain losses

Trajectory LO weight

Propellant consumed
to BECO

Weight at BECO

Shutdown propellant

Weight Stage I burnout

Stage II engine start

Step I

271,496

3,618 (2)

267,878

256,695

11, 183

298

10,885 (3)

10,885

Weight (ib)

Step II

65,920

65,920

11

65,909

65,909 (3)

192

Step III

8,294 (1)

8,294

8,294

8,294

Stage Total

345, 710

3,618

342,092

256,706

85,386

298

85,088

11,077

Stage II LO

Propellant consumed
to SECO

Ablative, covers and
water

Stage II at SECO

Shutdown propellant

Weight at SECO + 20
seconds

65,717

59,470

42

6,205

127

6,078

8,294

8,294

8.294

74,011

59,470

42

14,499 (4)

127

14,372 (4)

(1) McDonnell/Cape Kennedy.

(2) Event: launch bolts blown.

(3) Includes outage: 133 lb Stage I; 99 lb Stage II.

(4) Includes 850-1b burning margin.
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Ill. PROPULSION SYSTEM

A. ENGINE SUBSYSTEM

The Stages I and II engines operated satisfactorily throughout the
flight, and all launch objectives were met. Stage I burning time was
157. 978 seconds, and shutdown was initiated by fuel exhaustion. Stage
II operation was terminated by guidance command at 91FS + 188. 790
seconds. 1

Two anomalies occurred during flight, neither of which adversely
affected engine performance. These were:

(1) The engine mix_-Lre ratio of both stages, corrected to stand-
ard inlet conditions, experienced a negative shift from the

acceptance test value. Although the shifts did not exceed the

3-sigma run-to-run repeatability; they followed the negative
shift trend of both stages onGLV-9, GLV-10 andGLV-ll.

(2) A double ignition spike was indicated during the Stage II start
transient. This phenomenon has been observed previously
in flight and ground tests with no adverse effect on perform-
ance.

i. Stage I Engine (LR87-AJ-7, S/N 1012)

a. Configuration and special procedures

GLV-12 configuration and checkout procedures were the same as
those used for GLV-I i. The following special procedures and inspec-
tions were accomplished to ensure vehicle integrity.

(1) The oxidizer and fuel discharge lines were X-rayed both at
Martin-Baltimore and at ETR to verify that there were no
disjointed spider ball joints. S/A 1 oxidizer discharge line
ball joint was found to be out of tolerance when X-rayed at
ETR. The line was replaced and X-rays were satisfactory.
The remaining lines were all proven satisfactory by X-ray.

(2) As a result of finding metal chips in the engine inlet lines on
GLV-II, the GLV-12 engine inlet lines and upper surfaces of
the pump impellers were inspected for contaminants. S/A 1
oxidizer inlet line was found to be slightly rusted. The line
was cleaned and reinstalled. No contaminants were found in
the other lines.

(3) As on GLV-11, the GLV-12 fuel and oxidizer bootstrap lines,
hot gas cooler outlet line and lubricant oil cooler outlet line
were removed and inspected for damaged teflon liners. The

.ER 13227-12
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StageI fuel bootstrap line was rejected and replaced.
The remaining lines were satisfactory.

b. Start transient

TheS/A 1 and S/A 2 thrust chamber pressure start transients were
normal and are presented in Figs. III-1 and III-2. The ignition spikes
indicated 86%(678 psia) and 89%(696 psia) of rated thrust for S/A 1
and S/A 2, respectively. The spike values were abovethe engine model
specification allowable (75%);however, CEC transducers were used to
measure Pc on this flight. CEC transducers, characteristically, have
shownunderdampedoscillations which obscure true transient perform-
ance andprevent accurate determination of the ignition spike and step
level.

Significant start events are tabulated in Table III-1.

TABLE III- 1

Stage I Engine Start Parameters

Parameter S/A 1 S/A 2

FS 1 to initial Pc rise (sec)

Pc ignition spike (psia)

Pc step--approximate (psia)

P overshoot (psia)
c

0. 755

678

460

None

0. 760

696

460

None

c. Steady-state performance

Stage I engine performance was satisfactory throughout the flight.
Flight integrated average performance parameters were close to the
preflight predicted values.

Engine performance was calculated from measured flight data with
the Martin-Baltimore PRESTO computer program using the Stage I
thrust coefficient relationship as modified by Martin-Baltimore. The
modification increased thrust and specific impulse approximately 3400
pounds and 2.0 seconds, respectively, above the values calculated using
the Aerojet thrust coefficient relationship. The Martin-Baltimore mod-
ified thrust coefficient also was used in the preflight predictions.

The Stage I engine average flight performance, integrated from lift-

off to 87FS 2, is compared with the preflight prediction in Table III-2.
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III-5

TABLE III-2

Stage I Engine Predicted and Flight Performance Corn >arison

Parameter

!Thrust: engine (lb)

Specific impulse, engine (sec)

Mixture ratio, engine

Oxidizer flow rate, overboard
(lb/sec)

Fuel flow rate, overboard
(lb/sec)

Preflight
Predicted

Average

461,046

276.64

1.9166

1094.83

571.78

Flight
Average

458,899

277.02

1.9057

1086.09

570.46

Difference

-0.47

+0.14

-0.57

-0.80

-0.23

The engine performance calculated throughout Stage I flight is pre-
sented in Fig. III-3. The preflight prediction is shown for comparison.

A comparison of measured and reconstructed thrust chamber pres-
sures showed that the drift caused by the thermal environment was

approximately -0.3% on this flight compared with ranges to approximately
-2% on previous flights.

Stage I engine flight performance calculated at the 87FS 1 + 55 sec-
ond time slice and corrected to standard inlet conditions is shown in

Table III-3. This is compared with the acceptance test and the predicted
flight performance at standard inlet conditions and With the nominal time

as used in the preflight prediction. The predicted flight performance at
standard conditions was obtained by modifying the nominal acceptance
test data for a 4850-pound acceptance-to-flight thrust growth obtained
from analysis of Titan II and GLV flights. The engine mixture ratio
was biased -0.5% (-0.0097}, and specific impulse was biased +0.46
second based on GLV experience. The 55-second time slice perform-
ance, corrected to standard inlet conditions, is not representative of
the total acceptance or flight performance; however, it is the nominal
time used for quoting rated performance. Therefore, because of varia-

tions in the time-dependent biases and engine inlet conditions throughout
flight, the data are indicative of the corrected performance at 55 seconds
only.
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Fig. III-3. Stage I Engine Flight Performance
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TABLE III-3

Stage I Engine Performance Corrected to Standard Inlet Conditions
at FS + 55 seconds

1

Thrust, engine (lb)

Specific impulse, engine
(see)

Mixture ratio, engine

Oxidizer flow rate, over-
board (lb/sec)

Fuel flow rate, overboard
(lb/sec)

Acceptance
Test*

428,688

259.44

Predicted Flight

(including thrust

growth, mixture
ratio and I

sp
biases}

433,538

259.90

Flight
Perform-

snce*

433,973

260.29

1.9344

1088.91

563.46

1.9247

1097.40

570.71

1.9196

1095.88

571.40

Difference
from

Predicted

(,,/o)

+0.10

+0.15

-0.26

-0.14

+0. 12

*Martin-Baltimore modified thrnst coefficient relationship used.

All flight data at FS 1 + 55 seconds corrected to standard inlet con-

ditions were close to predicted conditions. The flight engine mixture
ratio at standard conditions was -0.77% from the acceptance test value

and -0.26% from predicted. A negative acceptance-to-flight mixture
ratio shift at standard conditions was experienced on both stages of the
flights of GLV-9 through GLV-12.

d. Shutdown transient

Stage I engine shutdown was initiated by fuel exhaustion. Figures
III-4 and III-5 show S/A 1 and S/A 2 chamber pressure decays. All

engine parameters were normal during the shutdown transient. The
engine thrust at staging was approximately 26,000 pounds. Significant
events during shutdown are presented in Table III-4.

TABLE III-4

Stage I Engine Shutdown Parameters

Parameter S/A 1 S/A 2

Time from initial Pc decay to 87FS 2 (sec)

Pc at 87FS 2 (psia)

Time from 87FS 2 to data dropout (sec)

Pc at data dropout (psia}

0.20

410

0.71

44

0.20

395

0.71

47
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e. Engine malfunction detection system (MDS)

The Stage I engine MDS operated within specified limits during the
start and shutdown transients and operated satisfactorily throughout

flight. Figures III-1 and III-2 illustrate the response times and actua-
tion pressure levels of the malfunction detection thrust chamber pres-
sure switches (MDTCPS) during engine start for S/A 1 and S/A 2, re-

spectively. Figures III-4 and III-5 show the deactuation times and
levels during shutdown for S/A 1 and S/A 2, respectively. A summary
of the operating characteristics of the switches is tabulated in Table III-5.

f. Engine prelaunch malfunction detection system (PMDS)

The oxidizer pressurant pressure switch (OPPS) and the fuel pres-
surant differential pressure switch (FPDPS) actuated within specified
actuation times and pressures as shown in Table III-5. A plot of PopOi
and OPPS is shown in Fig. III-6.

TABLE III-5

Stage I MDS and PMDS Operation

Switch

Actuation time

Time from 87FS 1 (sec)

Time from T-0 (sec)

Required time (sec)_

Actuation pressure

Measured (psia)

Required (psia)

Deactuation time (sec)

Deactuation pressure

Measured (psia)

Required (psia)

]VIDTC PS 1

0. 925

0. 981

T+2.2

600

540 to 600

FS 2 - 0.055

555

585 to 515

MDTCPS 2

0.925

0.981

T+2.2

595

540 to 600

FS 2 - 0.034

545

585 to 515

OPPS

1.582

1.636

T+2.2

418

360 to 445

N/A

N/A

N/A

FPDPS

0.913

0. 967

T+2.2

46 to 82 psid

N/A

N/A

N/A

* Shutdown timers start from T-0.

** Not instrumented.

N/A = Not applicable.

2. Stage II Engine (LR91-AJ-7, S/N 2006)

a. Configuration and special procedures

GLV-12 configuration and checkout procedures were the same as
those used for GLV-11. The following special procedures were per-
formed on GLV-12.
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III-12

(1) Teflon liner inspection was performed on the oxidizer boot-
strap line and the hot gas cooler outlet line. Both lines were
without defect.

(2) The oxidizer and fuel discharge lines were X-rayed for dis-

jointed spider ball joints both at Martin-Baltimore and at
ETR. All joints were proven satisfactory.

b. Stage II engine start transient

The engine start transient, as illustrated by the thrust chamber pres-
sure in Fig. III-7, showed a normal chamber ignition; however, a double
ignition spike was indicated. This phenomenon has been observed prev-
iously in flight (GLV-4) and has been noted in ground tests with no ad-
verse effect on performance. A pvssible cause of the double ignition
spike indication is a localized detonation near the sensing port, and the
measured chamber pressure therefore was not representative of the thrust
during the start transient. The CEC transducer was used to measure
P and exhibited the characteristic underdamped oscillations which

c

obscure true transient performance.

Significant start events are tabulated in Table 111-6.

TABLE III-6

Stage II Engine Start Parameters

Parameter

FSltO initial Pc3 rise (sec)

Pc3 ignition--first spike (psia)

Pc3 ignition--second spike (psia)

P step (psia)
c 3

P overshoot (psia)
c 3

0. 658

408

670

510

Not available

*Staging blackout period.

c. Steady-state performance

Stage II engine steady-state flight performance was satisfactory
throughout flight. The average Stage II engine performance integrated

over steady-state operation (from 91FS 1 + 1.2 seconds to 91FS 2) agreed
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closely with preflight predictions. Average flight performance is com-
pared in Table III-7.

TABLE III-7

Stage II Engine Predicted and Flight
Performance Comparison

Thrust, chamber (lb)

Specific impulse, engine (sec)

Mixture ratio, engine

Oxidizer flow rate, overboard
(Ib/ sec)

Fuel flow rate, overboard

(Ib /see)

Preflight
Predicted

Average

100,490

312.93

1.7685

205.29

115.83

Flight

Average

99,296

313.22

1.7526

202.00

115.01

Difference

(%)

-1. 19

+0.09

-0.90

-1. 60

-0. 71

The engine flight performance calculated with the Martin-Baltimore
PRESTO computer program is shown in Fig. III-8 as a function of time

from 91FS 1. The preflight prediction is presented for comparison.

Stage II engine flight performance prediction was run using the Mar-
tin-Baltimore derived performance influence curves as a function of
oxidizer suction total pressure. It was found that, apparently, more
cavitation exists at low oxidizer pump suction pressure than previously

predicted. Also, a hysteresis effect was evident as oxidizer suction
pressure decreased during the first part of flight and then increased
during the latter portion of flight. These changes to the analytical model
not only resulted in changes in the Stage II flight average mixture ratio
(-0.4%) and specific impulse (+0. 16%) from previous predictions but
also improved the shape of the predicted curves as a function of time

from 91FS1.

Engine flight performance at the 91FS 1 + 55 second time slice cor-

rected to standard inlet conditions is shown in Table III-8. Flight per-
formance was corrected to standard conditions with two analytical
models: (1) the model used to correct previous flights to standard con-
ditions to serve as a reference condition, and (2) the model incorporating
the Martin-Baltimore derived performance influence curves as a func-
tion of oxidizer suction total pressure. These are compared with the
acceptance test, the predicted flight performance at standard inlet con-
ditions and the nominal time as used in the preflight prediction. The
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TABLE III-8

Stage II Flight Performance Corrected to Standard Inlet

Conditions at 91FS 1 + 55 Seconds

Parameter

Thrust, chamber (lb)

Specific impulse engine (see)

Mixture ratio, engine

Oxidizer flow rate, overboard

(lb/sec)

Fuel flow rate, overboard
(ib/sec)

Acceptance
Test

99,789

312.04

1.8106

206.17

113.62

Predicted

Flight

(including
thrust

growth)

100,669

312.04

1.8106

208.03

114. 64

Flight Performance

Model Including Martin-

Baltimore Post Influence

Previous Model Curves

Difference Difference

from from

Predicted Predicted

Performance (%) Performance (%)

99,369

312. 58

1.7810

203.74

114.16

-h31

+0.17

-1.63

-2.06

-0. 42

99,189

312.33

1. 7952

204. 13

113. 45

-1.49

+0.09

-0. 85

-1. 87

-1.04

predicted flight performance at standard inlet conditions was obtained
by adjusting the nominal acceptance test data for a 900-pound accept-
ance-to-flight thrust growth obtained from analysis of previous Titan II
and GLV flights. The 55-second time slice performance corrected
to standard inlet conditions is not representative of the total acceptance

or flight performance. This is the nominal time used for quoting rated
performance, and the data indicate a comparison of corrected perform-
ance at 55 seconds only because of variations in time-dependent biases
and engine inlet conditions throughout flight.

The most evident features of the performance at standard inlet con-
ditions are the lower-than-expected oxidizer and fuel flow rates. A
negative mixture ratio shift resulted from a greater percentage nega-
tive shift in oxidizer flow than fuel flow.

The negative shift of mixture ratio from acceptance test conditions
continues a trend observed in both stages of GLV-9, GLV-10 and GLV-
11.

d. Shutdown transient

Stage II engine shutdown was initiated by guidance command, with

91FS 2 occurring at 91FS 1 + 188. 790 seconds. The calculated shutdown

impulse from 91FS 2 to 91FS 2 +20 seconds was 33,97lib-see, and the

predicted impulse was 36,100 ± 7000 lb-sec.
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The impulse obtained from the +10 g accelerometer data was 23,069
lb-sec using an average spacecraft/Stage II weight of 14,456 pounds

over the time interval from 91FS 2 to 91FS 2 + 0. 593 second. The initial

portion of the shutdown transient is illustrated by the Pc3 decay in Fig.

III-9. Impulse from 91FS 2 + 0. 593 second to 91FS 2 + 20 seconds was

10,902 lb-sec, obtained from the ±0.5 g accelerometer data and an

average weight of 14,392 pounds. Zero thrust occurred at approximately

91FS 2 + 14.9 seconds.

Thrust tailoff, calculated from the +0.5 g axial accelerometer data
(Meas 0699), is illustrated in Fig. III-10, which shows that the accel-
erometer recorded one small post-SECO disturbance. The disturbance

was noted at approximately 91FS 2 + 4. 1 seconds, was less than 0.02 g

peak-to-peak, and was seen only in the +0.5 g accelerometer data.

e. Engine malfunction detection system (MDS}

The Stage II engine MDS operated satisfactorily throughout flight.
Figures III-7 and III-9 illustrate the response times and chamber pres-
sure correlation of the malfunction detection fuel injector pressure
switches (MDFJPS} during the start and shutdown transients, respec-

tively. The fuel injector pressure is not shown since this parameter
is not measured. A summary of the significant switch parameters is
presented in Table III-9.

TABLE III-9

Stage II MDS O

Actuation time (sec)

Pc at actuation (psia)

Deactuation time (sec)

Pc at deactuation (psia)

_eration

91FS 1 + 0.731

280

91FS 2 + 0. 141

463

B. PROPELLANT SUBSYSTEM

I. Propellant Loading

a. Loading operations

Two propellant loadings, consisting of tanking tests and the launch
loading, were performed on GLV-12. During the tanking test each tank
was loaded individually up to high-light with the quantity flowed measured
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III- 2 0

by all four meters. The tanks were dual-loaded to mission load for the
launch. The primary RSVs were used to service oxidizer and fuel for
the tanking test and launch.

The results of the tanking test and launch are presented in Table
III-10. The data show good agreement between the flowmeter indicated
volume and the calibrated tank volume at high-light for all tanks.

TABLE III- 10

Flowmeter Deviation (%) at High-Light Verification

Oxidizer

Stage I Meter Stage II Meter

Event 199168 206360 204277 199167

Tanking test -0.046 +0.132 +0.289 +0.072

Launch -0.024 +0.180 +0.249 +0.076

Fuel

206361 199171

Tanking test

Launch

199169

+0. 142

+0. 147

202146

+0. 142

+0.148

+0.178 +0.220

+0.102 +0.163

During Stage I oxidizer tank loading, the tank bottom probe tempera-
ture indicated 29.5 ° F at high-light. Other loading data indicated that

the tank bottom temperature should be 1° F higher, and the Stage I
oxidizer tank was loaded accordingly. A subsequent check of the tem-

perature probe proved the reading to be correct. The 1° F temperature
error resulted in a 12-gallon overload in the Stage I oxidizer tank.

A summary of the loading schedule for the launch operation is pre-
sented in Table III-i I. Results of the tank loading demonstrate the

repeatability of the PTPS system. All propellant loading operations

proceeded without malfunction of the PTPS components.

Propellant loads as determined by flight verification are shown in
Table III-12. The flight loads were calculated from a propellant in-
ventory, using actual level sensor uncover times and tank calibration
data to determine flow rates.

The total integrated in-flight overboard propellant consumption was
determined by using the engine analytical model matched to the flow
rate between the level sensors.
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Launch

11-11-66

TABLE III- 11

Propellant Loading Schedule

Event

Start prechill

Start load

High -light

Load complete

Stage I
Oxidizer

0237

0253

0416

0432

Time (EST)

Stage II
Oxidizer

0237

0253

0329

0347

Stage I
Fuel

0452

0511

0605

0614

Stage II
Fuel

0452

0511

0542

0548

TABLE III- 12

Propellant Loading

Tank

Stage I

Fuel

Oxidizer

Stage II

Fuel

Oxidizer

Requested
Load
(ib)

90,140

171,199

22,126

38,882

Postflight
Recon-
structed
(%)

90,092

171,665

22,061

38,781

Launch
Corrected
Flowmeter

Load
(lb)

90,157

171,308

22,124

38,857

Difference

Requested
and

Recon-
structed

(%)

-0. 053

+0.2 72

Difference
Launch and

Recon-
structed

(%)

-0.072

+0.208

The percentage differences noted in Table III-12 are the best estimates

of how the flight data compare with the preflight loading information.

b. Total propellant loads

Total mission loads as determined from flowmeters are shown in

Table III-12. The flowmeter readings were corrected for the propellant
remaining in the fill lines, the propellant vaporized, the propellant tem-
perature rise from average flowmeter temperature to high-light tem-
perature and actual flow rate.
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The temperature rise from the average flowmeter temperature to
the high-light temperature for the tanking test, launch attempts and
launch operation is presented in Table III-13. The loading error analy-
sis assumes the maximum deviation betweenthe average flowmeter
temperature and the high-light temperature to be +1.5 ° F for Stage I
fuel and oxidizer and +1.3 ° F for Stage II fuel and oxidizer.

The data shown in Table III-13 were taken from the information in

Figs. III- 11 and III- 12.

TABLE III- 13

Average Temperature Rise from Flowmeter to High-Light

Tank

Stage I

Fuel

Oxidizer

Stage II

Fuel

Oxidizer

Temperature Rise (° F)

Tanking
Test

1.1

1.8

2.7

2.3

Launch

1.0

1.0

1.3

1.2

Predicted

0.65

1.10

1.65

1.40

c. Propellant assay

The prelaunch data from the propellant assay laboratory report
(sampled on F-14 day} for the oxidizer and fuel are presented in Table
III-14. Specification values are also listed. Good agreement between
the analysis and specification requirements was obtained. The density
was determined by a pycnometer.

2. Propellant Temperature

a. Weather

Table III-15 presents the F-45 day prediction, the F-1 day 1800
hour prediction and the actual 11 November launch weather for GLV-
12. The F-45 day prediction was based on a 90% hot April through
November day.
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TABLE III- 14

Propellant Assay Summary

I Primary Secondary I

Fuel MIL-P-27402 (USAF)

Hydrazine (%)

UDMH plus amines (%)

H20 (%)

Total N2H 4 plus UDMH (%)

Solids (rag/liter)

Particles on 50 mesh screen

Density (gm/cm 3) at 77 ° F

51.1

47.6

1.3

98.7

None

0

0. 8989

50.9

47.6

1.5

98.5

O. 42

0

0.9007

Oxidizer MIL-P-26539 (USAF)

Nitrogen tetroxide (N204) (%)

Chloride as NOCI (%)

H20 equivalent (%)

Solids (rag/liter)

Nonvolatile ash

Particles on 50 mesh screen

99.5

0.01

0. I0

None

0

99.6

0.01

0. i0

0.3

0

* No data available.

Requirement]

47.0 rain

1.8 max

t 98.2 rain10

I 0
I
I 0.894/0.903
t

99. 5 min

0.08 max

O. 1 max

1O

0

b. Propellant loading temperatures

Table Ill-16 compares the _'equired propellant temperatures in the

RSV outlet (at start of loading) and the tank bottom probe (at high-light)
with measured values.

Both oxidizer and fuel differences are within the required tolerances.

c. Liftoff temperatures

A comparison of predicted, actual and reconstructed propellant bulk
temperatures appears in Table III-17.
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TABLE III- 16

Propellant Loading Temperatures

III-27

System

Stage I oxidizer
Stage II oxidizer
Stage I fuel
Stage II fuel

RSV (° F)

Requested

25.0
25.0
29.0
29.0

Actual A

25.7 +0. 7
25.7 +0. 7
28.7 -0. 3
28. 7 -0. 3

Tank Bottom Probe (° F)

Requested

28.2
30.7
32.0
33.3

Actual A

29. 5 +0. 3
30.2 -0.51
31.3 -0.7
32.0 -1.3

TABLE III- 17

Pro_ellant Bulk Temperature Comparison

F-45 Day F-0 Day
System Prediction Prediction Actual Reconstructed

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

45.9

48.3

47.8

44.9

44.7

43.6

45.8

43.7

44.5

44.9

45.8

43.9

44.0

44.0

44. 1

42.9

Actual bulk temperatures were obtained by averaging the flight tem-
perature profiles and adjusting for the differences listed in Table III-18.

TABLE III- 18

Propellant Temperature Comparison Tank Bottom
Probe and Pump Inlet

System

Stage I
fuel

Stage II
fuel

Stage I
oxidizer

Stage II
oxidizer

Time
(sec)

FSI+ 5

FS + 25
1

FS + 6
1

FS + 22
1

Suction
Probe

Temperature
(°F)

44.0

41.8

41.7

54.8

Tank

Bottom

Probe

Temperature

(°F)

43.6

41.9

41.0

44.6

ATem-

perature
(oF)

+0.4

-0. i

+0.7

+10.2

Correlation of the F-0 day predicted and the actual bulk tempera-

tures was good, as shown on the mixture ratio band plots of Figs.
Ill-13 and Ill-14. The agreement between the reconstructed and

actual stage temperatures is low but within known program capabilities.
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Real-time monitoring was used to give the F-0 day predictions of

bulk temperatures. This use of updated predictions (using actual

probe readings) prevented any large errors in bulk temperature predic-
tion.

The correlation of F-I day predicted, actual and reconstructed

tank bottom probe readings is shown in Figs. III-15 through III-18.

Changes in initialtemperatures and weather conditions account for
the differences between the F-1 day and reconstructed curves. The
differences between the actual and reconstructed points on the Stage II

oxidizer tank are attributed to the previously mentioned low program

correlation. Updating (using actual probe readings) during the tem-

perature monitoring portion of the countdown eliminated any problem
because of these differences.

d. Suction temperatures

The general condition of the pump inlet temperatures was in good

agreement with the predicted temperature profiles. These data are
shown in Figs. III-19 through III-22. Except for the Stage II oxidizer,
the small differences in absolute level may be attributed to differences

in predicted and actual weather and predicted and actual thermal strati-
fication. The suction probe for the Stage II oxidizer has a 10.2 ° F bias

in the reading caused by a faulty suction temperature probe.

In Table 111-18, a comparison is made between the suction and tank

bottom probes at various times after FS 1.

Due to the greater accuracy of the tank bottom probes, the best
estimate propellant temperatures are those that would be obtained if

the suction probe profile were shifted to agree with the tank bottom

probe. In the postflight propellant temperature analyses, this shift

has been applied to all four tanks.

3. Propellant Feed System

a. Feedline transients

The maximum transient pressures recorded at the pump inlet in-
strumentation bosses are listed in Table III-19.

Ignition transient pressures were, in general, similar to GLV-10
and GLV-11 flight data. Telemetry blackout normally experienced
during Stage II ignition prevents obtaining data on sustainer engine
ignition transients.
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TABLE III- 19

Maximum Transient Pressures at Pump Inlet

Meas

Stage I
oxidizer
(0017)

Stage I
fuel
(0014)

Stage II
oxidizer
(0510)

Stage II
fuel
(0507)

Initial

Pressure

Wave

Negligible

Negligible

Negligible

Negligible

At

Ignition

(psia)

125

Negligible

TCV at

Closing
(psia)

Negligible

Negligible

52

Negligible

Design
Operating
Pressure

(psia)

215

55

260

80

*Not available due to telemetry staging blackout.

b. Pump inlet suction pressures

Stages I and II static suction pressures at the suction measurement
boss locations are shown in Figs, III-23 through III-26, which present
the preflight prediction, the postflight reconstructed and the best
estimate of actual flight pressures.

The preflight predicted curves were computed for the GT-12 PI'e-
flight Test Report (Ref. 15). The postflight reconstructed curves
were based on flight measured values of ullage gas pressure, axial
load factors, propellant temperatures and propellant loadings.

The Stage I oxidizer best estimate curve of the static suction pres-
sures at the measurement boss (Meas 0017) consists of an average of
the measured pressure and the two oxidizer standpipe pressures
(Meas 0033 and 0034) adjusted to the Meas 0017 boss location. The
measurements were adjusted for biases during static conditions prior

to T-0, when suction pressure was the sum of head pressure and ullage
pressure. Biases were -3.4psi for Meas 0017, 0 psi for Meas 0033,
and -1.8 psia for Meas 0034. Stage I fuel suction pressure best esti-
mate at Meas 0014 boss location was an average of measured pres-
sures adjusted for pre-T-0 biases and level of location where applicable.
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Meas 0014 and 0037 were adjusted for pre-T-0 biases of -0.6 psi,and

Meas 0014 was also adjusted -0.7 psi to agree with the sum of calcu-

lated head and measured ullage pressure at that time. The Stage II

fuel suction pressure Meas 050"/was adjusted for a -2.0 psi instrumenta-

tion bias, while Stage II oxidizer suction Meas 0510 agreed with recon-
structed pre-T-0 conditions.

Flight suction pressure reconstruction was satisfactory, and dif-
ferences between measured and reconstructed pressures were within

specified instrumentation tolerances.

c. NPSH supplied

The NPSH supplied at the engine turbopump inlet during the start

phase and during steady-state operation is shown in Table III-20.

TABLE III- 20

Minimum NPSH Supplied

Stage
and

Tank

Stage I
oxidizer

Stage I
fuel

Stage II
oxidizer

Stage II
fuel

®

®

®
®

Minimum
NPSH

Supplied
During

Start
Transient

(psia)

52.9

33.0

®

®

Starting
NPSH

Required (_
(psia)

®

17.1

38.4

39.8

Limited Operation
NPSH Required (_

28.2 psia for 135 sec

17.1 psia for 120 sec

19.2 psia for 120 sec

39.8 psia for 120 sec

Minimum

Steady-
State NPSH

St_pplied
(psia)

51.4

24.3

26.0

45.3

Unlimited

Operation
NPSH

Required (_)
(psia)

46. 1

23. 1

22.4

43.4

Extracted from SCNP $75015, page 1, and SCNP $85008, page 1.

Oxidizer values represent NPSH required at FS 1 fuel values at
engine start.

Time given represents cumulative operating time from engine

acceptance at given NPSH levels. Data were extracted from

source (_.

Not available due to telemetry blackout.

38.4 psia required at FS 1. No specific requirement during start
transient.
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4. Propellant Utilization

a. Level sensor uncover

Figures III-27 and III-28 show the predicted, actual and reconstructed
level sensor uncover times for Stages I and II. Measured level sensor
uncovering times are tabulated in Table III-21.

Reconstructed level sensor uncover times show closer agreement to
the actuals in most cases. Reconstructed level sensor uncover times

are based on feeding actual flight conditions of propulsion system recon-
structed propellant loadings, ullage gas pressures and propellant tem-
peratures into the propulsion system performance program.

Slosh, as indicated by on and off signals at the time of level sensor
uncovering, was evident during this flight for the Stage II oxidizer and
fuel high level sensors, and the oxidizer outage sensor. All other
sensor uncoverings were clean.

b. Best estimate level sensor uncover times

Table III-22 contains the best estimate average level sensor uncover
times for the GLV-12 flight. Also shown are the integrated average tem-
peratures between level sensor uncoverings and the corresponding den-
sities. The measured average uncover times shown in Table III-22 were
decreased by 0. 058 second to allow for the built-in level sensor delay of
0. 033 second and the PCM digital sampling rate of 0. 050 second.

Table III-23 contains the level sensor volumes and delta volumes

used in the level sensor flow rate analysis. The Stages I and II oxidizer
and fuel calibrated high level sensor volumes were checked at Cape
Kennedy using the propellant transfer and pressurization system.
Stages I and II outage and shutdown level sensor volumes were checked
using the actual counts of flowmeter pulses during the special loading.

c. Flow rates

Table III-24 presents the predicted and the actual volumetric flow
rates between level sensors.

d. Mixture ratio
4

Table III-25 shows the Stages I and II predicted and actual in-flight
average engine mixture ratios for GLV-12.

The predicted in-flight average engine mixture ratios were biased
from engine acceptance test mixture ratios by -0.47% for Stage I and
-0.40% for Stage II. The mixture ratio biases were determined from
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TABLE III-22

Best Estimate Average Sensor Uncover Times

Quadrant

I
I/IV

I

III

I

III

IV

I/IV

II
IV

II

IV

Meas

0056
0058

0054
0052

0050
0060

0542
0548

0540
0546

0545
0550

Sensor

Stage I

Oxidizer high
Oxidizer outage

Fuel high
Fuel outage

Fuel shutdown
Fuel shutdown

Stage II

Oxidizer high
Oxidizer outage

Fuel high
Fuel outage

Oxidizer shutdown
Oxidizer shutdown

0544

0551

Fuel shutdown
Fuel shutdown

Average
Uncover Time

(GMT)

2046:43. 869

2049:05. 324

2046:47. 969
2049:01. 714

2049:07. 369

2050:11. 387
2052:10. 278

2049:25. 760
2052:10. 943

Did not uncover

Did not uncover

Stage

Stage

Stage

Stage

Tank

I oxidizer

I fuel

II oxidizer

II fuel

Integrated
Average

Temperature
(between

uncoverings)
(°F)

45. 1

44.9

46.4

43.7

Corresponding
Density

(lb/ft 3 )

91.99

57. 13

91.89

57. 17

ATime

(sec)

141.455

133.745

118.891

165.183
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TABLE III- 23

Averaged Volumes at Level Sensor Locations

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Sensor

High level

Outage

High level

Outage

High level

Outage

High level

Outage

Averaged Volumes
(stretch included)

(ft 3)

1711.26

38.02

1402.20

64.92

285.17

22.48

352.41

17.79

A Volumes

(ft 3)

1673.24

1337.28

262.69

334.62

TABLE III- 24

Propellant Volumetric Flow Rate

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Predicted

(ft3/sec)

11. 945

10. 038

2. 247

2. 042

Actual

(ft3 / see)

11.822

10.000

2.211

2.026

TABLE III-25

Engine Mixture Ratio

System

Stage I

Stage II

Predicted Mixture
Ratio

1. 9166

1. 7685

Mixture Ratio
Actual

1.9057

1.7526

Deviation
(7o)

-0.57

-0.90
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GLV flight experience with particular emphasis on the negative mixture
ratio shifts noted on GLV-9, GLV-10 and GLV-11. The mixture ratios
of both stages shifted negatively further than anticipated, as shown in
Table III-25. The total in-flight average mixture ratio shifts from en-
gine acceptance test mixture ratios were - 1.04% for Stage I and - 1.3%
for Stage II.

Sensitivity coefficients applied to the delta between the predicted
and actual variations in average suction pressure and temperature be-
tween sensor uncoverings yield the information shown in Table III-26.

TABLE III- 26

Mixture Ratio Pressure and Temperature

System

Stage I

Oxidizer
Fuel

Total

Stage I

Stage II

Oxidizer
Fuel

Pressure
(psi)

Mixture
Ratio

(pressure)

-0.00166
-0.00048

-0.00214

-0.00026
+0.00084

A Temperature
(°F)

Mixture
Ratio

(temperature)

+0.00116
-0.00521

-0.00405

-0.02118
-0.00233

Mixture
Ratio
(total)

-0.00050
-O. OO569

-0. 00619

- 0.02144
-0. 00149

Total

Stage II +0. 00058 -0. 02351 -0. 02293

By applying the delta mixture ratio(total shown in Table III-26) to the
predicted (F-45 day revised) between sensors mixture ratios, the run-to-
run Variation can be calculated. The mixture ratio deviation along with
the allowable run-to-run dispersions is shown in Table III-27.

TABLE III- 27

Mixture Ratio Deviation

Predicted Mixture Ratio

(corrected for
pressure and temperature

variations)

Mixture
Ratio

Actual
Deviation

(%)System

Stage I 1. 9121 1. 9049 -0.38 +1.38
Stage II 1. 7446 1. 7532 +0.49 +2.28

Allowable
l%un-to-Run

Dispersion
(%)
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e. Outage and trapped propellant

Table III-28 shows the mean and maximum (99%) outage predicted
for GLV-12. Also shown are the actual outages as calculated using the
information contained in the reconstructed propellant inventories (Tables
III-32 and III-33).

TABLE III-28

Outage Prediction

Predicted (F-45) Predicted (F-O)

System Mean Max (99%) Mean Max (99%) Actual

Stage I 0. 343% 1. 006% 0.322% 1. 057% 0. 052% oxidizer
882 lb 2584 lb 827 lb 2714 lb 133 lb

Stage II 0. 342% 1. 020% 0. 368% 1. 033% 0. 163% oxidizer
208 lb 621 lb 224 lb 629 lb 99 lb

All outages are presented in pounds and as percent of total steady-
state propellants as taken from Ref. 15. The values used for total
steady-state propellants are 256,780 pounds for Stage I and 60,901
pounds for Stage II.

The trapped propellants for Stages I and II are given in Tables III-32
and III- 33.

f. Start and propellant consumption

The predicted and actual propellant consumptions during the Stage I
holddown period are shown in Table III-29.

TABLE III-29

Stage I Holddown Propellant Consumption

Stage I

Holddown consumption
(TCPS to liftoff)

Oxidizer (lb)

Predicted

2145

Actual

2182

Fuel (Ib)

Predicted Actual

1138 1173

The Stages I and II start consumptions shown in Tables III-32 and
III-34, respectively, were selected from Ref. 19 and were modified to
allow for the difference between propellant out of the tanks (as listed in
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Ref. 19)and propellant overboard. The predicted holddown consump-
tion was derived from the engineanalytical model and previous flight
test data, while the actual value wasderived from the posttest rocket
engine system total operation (PRESTO}engine performance recon-
struction program.

g. Vapor retained

The predicted and actual values of vapor retained in the tanks as a
result of pressurization gases andpropellant vaporization during flight
are shownin Table III-30.

TABLE III-30

Pressurization Gas Inventory

System

Stage I

Vapor retained:

Oxidizer tank

Fuel tank

Vaporized

Stage II

Pressurization
fuel tank

Vaporization
oxidizer tank

Oxidizer (lb)

Predicted

328

8

7

Actual

328

9

6

Fuel (lb)

Predicted Actual

0

92

0

49

0

0

92

0

49

h. Shutdown

Stage I shutdown was caused by fuel exhaustion. The predicted and
actual values for the propellants consumed during shutdown are shown
in Table III-31. The actual values were obtained by integrating a curve

(derived from PRESTO} of flight flow rate versus time after 87FS 2.

Stage II shutdown was initiated by a guidance command; therefore,
the propellants were not exhausted as in Stage I. The predicted and
actual values for the propellants consumed during shutdown are shown
in Table III-31. The actual values were computed using altitude shut-
down impulse.
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TABLE III-31

Propellant Shutdown Consumption

Oxidizer (lb) Fuel (lb)

System Predicted Actual Predicted Actual

Stage I 446 265 27 33

Stage II 76 71 60 56

i. Propellant inventory

The reconstructed propellant inventories for GT-12 are shown in
Tables I11-32 and III-33 for Stages I and II, respectively. The inventory
consists of both nonusable and usable propellants. The burning time
margin for Stage II was 2. 631 seconds.

5. Components

a. Prevalves

During the launch countdown, all prevalve functions were performed
without incident. Prevalves installed for the flight are identified in
Table III-34.

b. Level sensors

GLV- 12 incorporated 14 Bendix optical-type propellant level sensors.
These are identified in Table III-35. All sensors performed satisfac-

torily during the propellant loadings and during flight.

c. Fuel accumulators

Accumulator piston response on this flight was similar to that of
other flights utilizing the same configuration (GLV-3 through GLV-11).
This response is presented in Fig. III-29. Dynamic friction levels for
the dry accumulators were measured prior to installation of the accumu-
lator assemblies at Martin-Baltimore and again prior to flight at ETR.

A summary of these friction measurements is presented in Table III-36
as peak-to-peak values (twice the equivalent friction force in one direc-
tion}.
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TABLE III- 32

GLV-12 Stage I Constructed Pro

Predicted in-flight engine mixture ratio
Average in-flight mixture ratio (engine}
Outage (percent of total usable propellants:

Nonusable propellants
A. Fuel bleed

B. Start consumption (87FS 1 to TCPS)

C. Holddown (TCPS to LO) (2 sec)
D. Trapped above interface at shutdown
E. Trapped below interface at shutdown
F. Vapor retained at shutdown

1. For pressurization
a. Oxidizer tank
b. Fuel tank

2. Vaporized
G. Total nonusable

Usable propellants

A. Steady-state overboard (LO to 87FS 2)

B. Shutdown transient (FS 2 to 0% thrust)

C. Outage
D. Total usable

Total propellant loaded

Propellant load at LO

Weight of initial pressurizing gas

A. Fuel tank (N 2)

B: Oxidizer tank (N 2 + NO2)

_ellant Loading

1.9166
1.9057

Oxidizer Fuel

(Ib) (Ib)

0 23

209 45

2,182 1,173

0 20

235 309

328 0

9 92

6 0

2,969 I, 662

168,298 88,397

265 33

133 0

168,696 88,430

171,665 90,092

169,274 88,851

-+2.52%
-+i. 71%

O. 052%

Total
(ib)

23

254

3,355
20

544

328
101

6

4,631

256,695

298

133
257,126

261,757

258,125

8

18
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TABLE III-33

GLV-12 Stage II Constructed Propellant Loading

Predicted in-flight engine mixture ratio
Average in-flight mixture ratio (engine)
Outage (percent of total usable propellants)
Burning time margin

Nonusable propellants
A. Fuel bleed

B. Trapped above interface at

FS 2 + 20 sec

C. Trapped below interface at

FS 2 + 20 sec

D. Vapor retained after FS 2

1. Pressurization (fuel tank)
2. Vaporization (oxidizer tank)

E. Total nonusable

Usable propellants

A. Start consumption (FS 1 to

FS 1 + 1.2 sec)

B. Steady-state overboard

(FS 1 + 1.2 sec to FS 2)

C. Shutdown consumption (FS 2 to

0% thrust)
D. Steady-state residuals (after

FS 2)

1. Burning time margin
2. Outage
Total usableEo

Total propellants loaded

Weight of initial pressurizing gas

A. Fuel tank (N 2)

B. Oxidizer tank (N 2 + NO 2)

1.7685
1.7526

Oxidizer Fuel

(Ib) (ib)

0 ii

0 0

20 14

_2.52%
_1.55%

0.163%
2.631 sec

4 49
9 0

33 74

135 54

37,894 21,576

71 56

549 301
99

38,748 21, 987

38,781 22,061

Total

(lb)

II

0

34

53
9

107

189

59, 470

127

850
99

60, 735

60,842

5

29
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TABLE III-38

Comparison of Significant Pressurization System
Parameters at FS + 100 Seconds

1

Preflight Flight Postflight
Parameter Predicted Data Reconstructed

Stage I Fuel Tank (D

Tank pressure (PFT } (psia)

Nozzle inlet temperature

(TFPoI) (°F)

Flow ratio (WFp/QFs)

(ib/ft3)

Stage I Oxidizer Tank (_)

Tank pressure (PoT) (psia)

Orifice inlet, specific en-

thalpy (HoPoI) (Btu/lb)

Flow ratio (Wop/Qos)

(lb/ft 3 )

Stage II Fuel Tank _)

Tank pressure (PFT } (psia)

Nozzle inlet temperature

(TFPoI) (°F)

Flow ratio (WFp/QFs) '

(lb/ft 3)

Stage II Oxidizer Tank

Tank pressure (PoT) (psia)

Propellant flow rate (Qos)

(ft 3 / sec)

22.5

218

0.0651

18.8

334

0.1761

47.7

229

0.1394

13.4

2.2274

22.4

18.4

47.6

13.7

22.5

218 (_

0.0654

19.4

329 (_)

0.1788

47.8

229 (_)

0.1392

13.8

2. 1944

(_) Nozzle diameter, FPN Stage I Fuel, 0.480 in.

(_) Assumed, temperature not instrumented.

(_ Flow control venturi coefficient, 0.0513.

(_) Nozzle diameter, FPN Stage II Fuel, 0. 260 in.
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2. Flight Pressurization

Stages I and II ullage gas pressure time histories are shown in Figs.
III-31 through III-34, which show flight-measured, preflight predicted,
and postflight reconstructed pressures. The flight-measured pressures
were obtained by averaging the telemetered output from each pair of
pressure transducers in the individual tanks. The preflight predicted
pressure curves were taken from Ref. 15. The postflight reconstruc-
tion was based on flight measured values of engine performance, pro-
pellant temperatures and propellant loadings. A comparison of signifi-

cant pressurization system parameters, taken at FS 1 + 100 seconds, is

given in Table III-38. Figures III-35, III-36 and III-37 present the pre-
flight predicted and the in-flight estimated pressurization gas charac-
teristics at the orifice or nozzle inlet.

3. Component Performance

All tank pressure sensors functioned normally. The maximum pres-
sure differences between pairs of sensors in each of the individual pro-
pellant tanks are shown in Table III-39.

TABLE III-39

Pressure Difference Between Tanks Pressure Transducer Pairs

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Maximum
Difference

(psi)

0.27

0.29

0.86

0.48

Maximum Allowable
Difference

(psi)

I. 50

i. 50

2.25

2.25

ER 13227-12



TABLE III-34

Prevalve Identification

Description Part No. Serial No.

Stage I oxidizer S/A 1
(fill and drain)

Stage I oxidizer S/A 2
(drain)

Stage II oxidizer S/A 3
(fill and drain)

Stage I fuel S/A 1
(fill and drain)

Stage I fuel S/A 2
(drain)

Stage II fuel S/A 3
(fill and drain)

PS47510007-139

PS47510007-159

PS47510005-199

0700017

0700013

0600061

PS47510005-159

PS47510005-169

PS47510006-059

0600016

Q600017

0400018

Location

Oxidizer tank

High level

Outage

Shutdown

Shutdown

TABLE III-35

GLV- 12 Propellant Level Sensor Identification

Stage l

Volume Confi- Serial

Meas Quadrant (ft)* guration No.

0056 I 1711.26 -039 000558

0058 I/IV 38.02 -039 000489

-- 0000 ....

Fuel tank

High level 0054 I 1402.20. -059 000551

Outage 0052 III 64.92 -049 000303

Shutdown 0050 I 7.34 -049 000300

Shutdown 0060 III 7.45 -049 000302

Meas Quadrant

Stage II

Volume

(ft 3 )

0542 IV 285.17

0548 I/IV 22.48

0545 II 5.31

0550 IV 5.09

0540 I 352.41

0546 I 17.79

0544 II 1.87

0551 IV 1.97

Confi-

guration

-039

-039

-039
-039

-049

-049

-049

-059

*Volume to interface including tank stretch at uncover time.

TABLE III-36

Dynamic Friction Levels for Dry Accumulators

S/A Serial

B032

B034

*Peak-to-Peak Friction

(psi)

Bench

0.60

0.30

Preflight

O. 80

I. O0

Maximum acceptable values = 2.0 psi.

III- 57

Serial
No.

000545

000437

000445
000301

000556

000554

000202

000498
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III- 59

Observed flight data do not indicate significant differences in fric-
tion level between accumulators. No significance is attributed to dif-
ferences between the dry friction value obtained at Martin-Baltimore

and at ETR, as long as the maximum value is less than 2 psi.

d. Standpipes

The oxidizer standpipes were charged at T-62 minutes with the re-

mote charge system. No problems were encountered during the charging
operation. The data obtained from Meas 0033 (S/A 1) and Meas 0034
(S/A 2) were consistent with suction pressure Meas 0017 throughout
Stage I flight.

e. POGO performance

Flight data indicated that this flight exhibited longitudinal oscillation
of ±0.14 g, one of the lowest values obtained on any Titan II or GLV
flight.

Additional details on POGO will be found in Chapter XII of this re-
port.

C. PRESSURIZATION SUBSYSTEM

1. Prelaunch Pressurization

At approximately T-190 minutes all four propellant tanks were pres-
surized, through AGE, from blanket pressure levels to flight pressure
levels. The resultant time-pressure profiles (Fig. III-30) indicate that
the process was normal. The tank ullage lockup pressures obtained
from landline measurements at T-0 and the related normal operating
pressure ranges are presented in Table III-37.

TABLE III-37

Tank Ullage Lockup Pressures

Normal Range Measured
Meas Parameter (psia) (psia)

4125

4129

4602

4605

Stage I fuel tank

Stage I oxidizer tank

Stage II fuel tank

Stage II oxidizer tank

27.5 to 31.5

30.5 to 34.5

49.5 to 54.5

53.5 to 57.5

30.7

33.8

51.8

56.8
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IV. FLIGHT CONTROL SYSTEM

Analysis of the GT-12 flight control system (FCS) measured param-
eters indicated proper system operation during both Stages I and II
flight. The primary FCS was in command throughout the flight, and no
switchover to the secondary system was required.

A. STAGE I FLIGHT

1. Ignition and Liftoff Transients

Normal actuator transient disturbances occurred during engine
ignition; the maximum actuator travel recorded during the ignition and
holddown period is presented in Table IV-1.

TABLE IV- 1

Actuator Travel During Holddown

Actuator

De signation

Pitch, 11

Yaw ]Roll, 2
1

Yaw ]Roll, 3
1

Pitch, 41

Ignition Transient

Maximum
T ravel

(in.)

-0.05

+0.07

+0.07

-0.06

Time from
LO (sec)

Maximum
Travel

During Hold-
down Null

Check (in.)

-2.43

-2.41

-2.42

-2.43

0.04

0.03

0.02

0.03

The combination of thrust and engine misalignments at full thrust
initiated a roll transient at liftoff, with a maximum roll rate of 1.0
deg/sec counterclockwise (CCW). The corrective response of the FCS,
shown in Fig. IV-l, introduced a roll attitude error bias of 0.05 degree
CCW, correcting for an equivalent engine misalignment of +0.01 degree.

2. Roll and Pitch Programs

The TARS roll and pitch programs performed normally, as shown
in Table IV-2.

3. Stage I Flight Performance

The TARS and IGS attitude error signals indicate excellent correla-
tion during Stage I flight for the pitch, yaw and roll axes and are pre-
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TABLE IV-2

TARS Roll and Pitch Programs

Program

Roll

Start

Stop

Pitch Step 1

Start

Pitch Step 2

Start

Pitch Step 3

Start

Stop

Time from
Liftoff
(sec)

7.99

20.47

23.05

88.26

118.96

162.41

Nominal
Time
(sec)

8.00

20.48

23.04

88.32

119.04

162.56

Average
Rate

Gyro
(deg/sec)

-1.25

-0.71

-0.52

-0.22

Torquer
Monitor

Indication

(deg/sec}

-1.25

-0.69

-0.50

-0.25

Nominal
Rate

(deg/sec)

-1.25

-0.709

-0.516

-0.235

sented in Figs. IV-2, IV-3 and IV-4, respectively. The dispersions
(TARS attitude minus IGS attitude} at BECO were -0.36 degree in the
pitch axis, +0.02 degree in the yaw axis and +0.70 degree in the roll
axis.

Analysis of the FCS attitude error signals indicates satisfactory
vehicle response to guidance programs and to vehicle disturbances
caused by prevailing winds aloft. The control system response to these
disturbances was normal and well controlled.

Stage I gain change occurred at LO ÷109.68 seconds, during which
time adequate vehicle stability was maintained. The attitude error
transient at gain change was a pitch-up increase from 0.53 degree to
1.26 degrees. The yaw axis was at null; therefore, no transient re-
sulted.

The maximum vehicle rates and attitude errors recorded during
Stage I flight are shown in Tables IV-3 and IV-4, respectively.
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TABLE IV-3

Maximum Rates During Stage I Flight

Primary Secondary

Maximum Maximum
Rates* Time from Rates Time from

Axis (deg/sec) LO (sec) (deg/sec) LO (sec)

Pitch

Stage I

Stage IT

Yaw

Stage I

Stage II

Roll

Stage I

+0.18

-0.99

+0.20

-0.99

+0.48

-0.29

+0.49

-0.29

0.5

25.3, 60.2
and 80.9

0.1

60.4

73.0

73.0

154.6

8.6

+0.48

-0.27

+0.49

-0.29

0.0

25.2 and

80.3

0.5

60.4

72.7

72.6

76.6

154.6

8.7

*Bias removed.

TABLE IV-4

Maximum Attitude Errors During Stage I Flight

Maximum Attitude Error_ Time from LO

Axis (deg) (sec)

Pitch +1.26 113.5
-0.21 43.3, 62.5 and 120.5

Yaw +0.74 74.3
-0.47 119.9

Roll +0.53 154.7
-0.26 0.3

*Bias removed.
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B. STAGE II FLIGHT

1. Stage Separation

Stage I engine shutdown was caused by fuel depletion. The thrust
tailoff characteristics of fuel depletion shutdown show larger magnitude
oscillations than those for an oxidizer or command shutdown. The

pressure differential between the two thrust chambers resulted in high
frequency structural and rate gyro resonances, as indicated by the FCS
gyros. The maximum rates are shown in Table IV-5.

TABLE IV- 5

Maximum Rate Gyro Indications During Staging

From BECO to

Separation

Axis

Pitch

Primary

Secondary

Yaw

Primary

Secondary

Roll

Primary

Secondary

From Stage
Separation to

Telemetry Blackout

Time
Maximum from Maximum

Rates BECO Rates

(deg/sec) (sec) (deg/sec)

+2.70 0.47 +0.60
-3.27 0.49 -1.48

+3.92 O. 47 +I. 50
-4.23 O. 49 -2.58

+0.77 O. 57 +0.87
-1.28 0.47 -0.99

+0.87 0.42 +1.34
-1.44 0.47 -0.79

+0.98 O. Ol
-3.23 O. 31 -3.62

+0.98 0.01
-3.02 0.31 -3.33

Time
from

BECO
(sec)

0.76
0.72

0.74
0.73

0.72
0.73

0.73
O. 74

0.74

0.74

From Telemetry
Black-

out to +1 sec

Time
Maximum from

Rates BECO

(deg/sec) (sec)

-1.28 1.14

-1.47 1.14

+0.97 1.09

+I. 06 I. 30

+I. 86 I. 44

+I. 85 I. 44

The actual vehicle rigid body rates obtained by data smoothing are
within the rate limits and are shown with the maximum attitude error

change from pre-BECO level in Table IV-6.
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TABLE IV-6

Maximum Rigid Body Rates and Attitude Change
During Staging

Rigid Body Time from Maximum Attitude Time from

Rate BECO Change BECO
Axis (deg/sec) (sec) (deg) (sec)

Pitch -0.9 1.2 -0.58 1.6

Yaw +0.8 1.5 +0.95 2.6

Roll -2.5 0.3 -I. 68 i. 1

2. Stage II Flight Performance

The pitch and yaw attitude errors during flight are shown in Figs.
IV- 5 and IV-6.

Normal response to the radio guidance commands was substantiated
by the TARS and rate gyro signals.

C. POST-SECO FLIGHT

I. Vehicle Motions

Time histories of the pitch, yaw and roll primary and secondary
attitude errors while operating on primary system control are shown

in Fig. IV-7. The maximum vehicle rates during the period following
SECO are presented in Table IV-7.

UNCLASSIFIED
ER 13227-12



IV-10 UNCLASSIFIED

+_

H
H

_J
_0

_0

.,-I

0
$.t

+._

..0

g,

UNCLASSIFIED
ER 13227-12



IV-11

UNCLASSIFIED

O

+

UNCLASSIFIED
ER 13227-12



IV-12 UNCLASSIFIED

"el

O

r.=l

<

iiiiiiiiiiiii iiiiii.:'_.'ii-_:'_

H _{H41,t_ 'q-H+H.H _rH I+ H_t

4 7

tNNN_4_
o__

__ __ "-_

t_'{J_{ll 1; ii ; 111;;_;ii 1: • i: _i

:::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::

: :: :: : : [,: : : NON+O4404_i_

i_!!'!!!!!!!:!'!!!!!!!! _t

IGS

(Meas 0743)

';: ',}N44+_F FI4-','_: : _: ; ; : _ ;: ',

:::::::::::::::::::::::::::::::::::::

+{ H_4_H444"I4_N4+}
t!ff_t.*Lt_t., t_

TARS (Meas 0766)

::.21::::::2::L::ii:',:22' J:_

:_ffPffH_TW',J::t _ t !t

-_tfftt f tt fff_k_

_4N_ N

'_H _ .........

t'ff_!'4"t

,*:: _{{{ {H M_ 4444¢{N_

'.45 .+,,

N q:_

.;?I_

:4! _!

7T _

__._ .........::::::::.::............................................._ _;.___h_¢4_I_

>I¢,_¢H+H+I÷I4+I4_ _ ',: _: : _N44_t4;iiF444 _¢_H il I}H+H f {fflt-tHi_+¢

H'H44-N+HN{+{'t Ftt¢{ ,N+__ii t ',; ; ',: l: ; ;: : : ;; : : : ; ; ;; ;;; ; ;: _; '.;: : _*' : ; : _',_t}_:} _ ' ''_dlL[J : : I ] : ; V,: _ : V,, -- _f f'l'N'f';'_

H'HH-H'H'N_+t ',: ; ; ; ; ;; ; : : = ; ; ; ;; ; ; ; ;_._.--_:.•;; N ;: [ ',',:: _: _ffttH'HIRq_ _i+H/4tt4"D+fO4 J * ,

;_=:;; ;===:=1======; ; ; ;=;;;; _.;= :===l==L_:-_.; ;=:; ===;===:======;:==; :;= ::::::::::::::::::::: ............... _ ..... ; ............
================================================= :::::::::::::::::::::::::::::::::::i_+___::::

=====================================================================::::::::::::::::::::::::::::::::: _ . ., -v*_

,_:iiii:iiiiiiL::L;:::_::i_-,-.:iii!!!!i::ii.ii:ii:i::.::-iiiL:::,::_ IC-S (Meas 0745) __ff._t__!.ff_..._
=======================================================================:;:=;;::::::;:::::::;;:;;;:;:;;:;:;;:::::::::::,{iflH.,_ - acecra.ft

- 6 ===================================================== ::::::::::::::::::::::::::::::::::::::::::::::S_,_- 6 ::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::.................... L.

sE_o =================================:::::::::::::::::::::::::::::::::::::::::::: + 20 sec ::::::::::::::::::::::::::::::::::::

340 345 350 355 360 365 370

Time from L iftoff (sec)

Fig. IV-7. Attitude Errors During Post-SECO Flight

UNCLASSIFIED
ER 1322_-" "



UNCLASSIFIED Iv-,3

TABLE IV-7

Post-SECO Vehicle Rates

P itch

Time
Rate from

(deg/ SECO
sec) (sec)

Maximum Positive

Primary +0.80 2.03 and
7.23

Secondary +0.80 1.53 and
7.68

Maximum Negative

Primary -0.09
Secondary -0.19

Insertion

Primary +0.50

Secondary +0.40

Spacecraft Sepa-
ration

Primary +0.50

Secondary +0.50

0.03
0.08

20.0

23.20

Rate

(deg/
sec)

+0.47

+0.49

-0.69
-0.69

+0.47

+0.49

+0.47

+0.49

Yaw

Time
from

SECO
(sec)

10.33

10.28

1.63
1.68

20.0

23.20

Roll

T ime

Rate from

(deg/ SECO
sec) (sec)

+0.40 0( 53

+0.41 0.48

-0.38 8.18
-0.39 9.73

+0.19
20.0

+0.20

+0.29
23.20

+0.31
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V. HYDRAULIC SYSTEM

Analysis of telemetered data revealed that the GT-12 hydraulic sys-
tem performed satisfactorily during Stages I and II flight.

Prior to SFT, the engine-driven hydraulic pumps were replaced with
newly cleaned units, thereby minimizing the probability of contamination
during vehicle system tests requiring hydraulic power. The newly in-
stalled pumps were checked with a gauss meter to verify free motion
of the compensator.

A. STAGE I

1. Primary Subsystem

The final Stage I hydraulic system pressure and level check in the
countdown was performed automatically by the sequencer. At T-180
seconds, function control A-7 initiated the motor-driven pump run,
which pressurized the secondary system. Approximately 70 seconds
later, AGE, using the motor pump, automatically selected and pres-
surized the primary system. Electric motor pump pressure was a

normal 3165 p. sia at T-0. Engine start transients starting at 87FS 1 +

0.78 second produced flow demands which dropped primary pressure

to 2705 psia at 87FS 1 + 0.89 second. Pressure recovery occurred

immediately, indicating proper pump compensator response. The pres-

sure overshoot on recovery peaked at 3150 psia at 87FS 1 + 1.15 sec-

onds. A steady-state pressure of 3008 psia was reached at 87FS 1 +

1.65 seconds. There were no significant pressure perturbations either
at liftoff or during flight. Pressure decayed normally during flight to
2721 psia at staging.

Prior to T-110 seconds, the static reservoir level was 55.2% full,
and it decreased to a normal 33.0% full at T-0. The level increased

during flight to 46.8% full at staging. This 13.8% increase is a result
of normal fluid expansion with increasing fluid temperature.

The steady-state reservoir levels and the level changes during sys-
tem pressurization were normal.

Primary and secondary system pressures and pressure switch actu-
ation points are shown in Fig. V-I.* A comparison of primary system
pressure for GT-12 and GT-11 launches during engine start and hold-
down is presented in Fig. V-2.*

*The pressure values quoted were obtained from telemetered data. It
has been determined that primary and secondary pressure readings
are low by 67 psi and 100 psi, respectively. This bias was due to a
change in transducer outputs subsequent to calibration by the vendor.
The magnitude of the error was determined by comparing vendor
acceptance data on Stage I pumps with telemetered data. The GT-12
curves plotted in Figs. V-l, V-2 and V-3 were corrected to include the
respective bias.
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2. Secondary System

The final Stage I secondary hydraulic system pressure and reservoir
level check was performed during a sequencer-initiated, motor-driven
pump run from T-180 seconds to T-110 seconds. The indicated accumu-
lator precharge was 1710 psia. Motor pump pressure was a normal
3100 psia at T-110 seconds.

The static reservoir level, which was normal at 55.0% full prior to
pressurization at T-3 minutes, decreased to 30.4% full at T-110 seconds.
These levels and the level changes during pressurization and depressuri-
zation of the system were normal.

At T-0 the system was unpressurized (soft). Pressure began to de-
velop immediately as start cartridge energy rotated the engine turbine.
Pressure overshoot reached a maximum of 3330 psia, indicating excel-
lent pump compensator response. A steady-state pressure of 2965 psia

was reached at 87FS 1 + 1.30 seconds. At the pressure shutdown inter-

rogation point, the pressure remained steady at 2965 psia.

There were no pressure perturbations during flight, since the sys-
tem remained in a standby condition. Pressure decayed normally during
flight to 2694 psia at staging.

The reservoir level stabilized at 33.9% full after engine start, in-
creasing during flight to 44.2% full at staging. This 10.3% increase is
a result of normal fluid expansion with increasing fluid temperature.

A comparison of secondary system pressures during engine start
and holddown for GT-12 and GT-11 launches is presented in Fig. V-3.$

B. STAGE II

The final Stage II hydraulic system pressure and level check was
performed during a sequencer-initiated, motor-driven pump run from
T-240 to T-180 seconds. The indicated accumulator precharge was
1800 psia. Electric motor pump pressure stabilized at a normal 3190
psia. The static reservoir level was 58.2% full, decreasing to 37.2%
full after pressure application and again increasing to 59.4% full upon
removal of pressure at T-3 minutes.

During engine start-up at staging, the indicated accumulator pre-
charge was 1740 psia and pressure overshoot was to 3845 psia. Steady-
state pressure after engine start was 2895 psia, decreasing to 2749 psia
at SECO. No significant pressure perturbations occurred during flight.
After SECO the pressure fluctuated with engine rpm, a normal reaction
to the low and variable turbine speeds occurring during this period.

*See footnote page V-1.
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The reservoir level was a normal 59.4% full prior to staging. After

staging, the level stabilized at 39.2% full, gradually increasing to 41.9%
full at SECO. This 2.7% increase is a result of normal fluid expansion

with increasing fluid temperature.

The reservoir levels and changes in level during pressurization and

depressurization of the system were normal.
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VI. GUIDANCE SYSTEMS

A. RADIO GUIDANCE SYSTEM PERFORMANCE

1. Rate Beacon

Rate beacon performance was satisfactory. Good lock was main-
tained from approximately LO + 29.6 seconds to SECO + 26.6 seconds.

Final loss of lock occurred at approximately SECO + 31.2 seconds. The
loss of lock at Stage I engine ignition is normal; relock occurs as the
primary antenna is brought into favorable ground station view.

Values of the rate beacon telemetered functions during flight are
listed in Table VI-1.

TABLE VI- 1

RGS Telemetered Functions

Function

Rate Beacon

Received signal No. 1

Phase detector

Power out

30 - volt supply

Pulse Beacon

Magnetron current

Meas Maximum Value Minimum Value

0750

0751

0752

0746

0753

0754

0747

4.22 vdc*

3.10 vdc*

4.32 vdc*

2.90 vdc

AGC
|

15-volt supply t

Decoder

10-volt supply 0748 4.48 vdc

* Does not include normal periods of unlock.
**Does not include antenna crossover period.

3.88 vdc**

-9.5 dbm**

4.24 vdc

4.14 vdc*

2.68 vdc*

4.28 vdc*

2.88 vdc

L

3.80 vdc**

-45.4 dbm**

4.18 vdc

4.46 vdc
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2. Pulse Beacon

Pulse beacon performance also was satisfactory. Good lock* was
maintained through Stage I engine ignition and up to approximately
SECO + 33.8 seconds. Complete loss of lock occurred at approximately
SECO + 42.0 seconds.

Normal oscillations during the antenna crossover period were ob-
served in/_GC from approximately LO + 26.5 seconds to LO + 76.6
seconds. During this time the minimum signal level received by the
beacon was -62.5 dbm. A small percentage of messages was not re-

ceived by the pulse beacon during the period of peak AGC oscillations
(antenna crossover period}. This occurred on six of the twelve Gemini

flights and is considered normal. The normal ground station signal
level increase occurred at LO + 91.4 seconds and was observed on

telemetry to be approximately 21.7 dbm.

Values of the pulse beacon telemetered functions during flight are
listed in Table VI-1.

3. Decoder

Decoder performance was normal. Comparisons of the decoder
telemetry data with the Burroughs computer-generated output data in-
dicate that pitch and yaw steering signals and the SECO discrete were
received and executed properly.

Values of the decoder telemetered functions are listed in Table VI-1.

4. Guidance Commands

a. Pitch steering

The decoder pitch steering output for the entire Stage II flight period
is shown in Fig. VI-1.

The initial decoder output command began at approximately LO +
167. 986 seconds and built up to approximately 7.0% pitch down. This
command was maintained for 0.5 second. Subsequently the pitch com-
mand increased to the maximum 100% pitch-down (-2.0 deg/sec) value,
which was maintained for approximately 1.0 second.

*"Good lock" is defined as the condition in which no messages are

missed by the pulse beacon. The ground station does not lose lock,
however, unless a number of consecutive messages are missed.
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Thereafter, the pitch steering command decreased to 0.25 deg/sec
pitch down within 5 seconds and remained between zero and 0.25 deg/sec
pitch down for the remainder of Stage II flight with the exception of the
last 20 seconds prior to SECO.

For the last 70 to 80 seconds of Stage II flight, oscillations were
apparent on both the Burroughs and the airborne pitch steering command
outputs. These oscillations were similar to those observed on previous
Gemini flights, and the maximum peak-to-peak excursion was approxi-
mately 0.45 deg/sec.

b. Yaw steering

Decoder yaw steering commands began at approximately LO + 168. 437
seconds and built up to the maximum 2.0 deg/sec yaw left. This com-
mand was maintained for approximately 1.0 second. Thereafter, the

yaw command decreased to 0.05 deg/sec yaw left within 6 seconds.
Subsequently, yaw commands remained within + 0.05 deg/sec for the
remainder of Stage II flight. The decoder yaw steering output for the
entire Stage II flight is shown in Fig. VI-2.

c. Discrete commands

The times for the computer-generated SECO/ASCO commands and
the vehicle responses are shown in Table VI-2.

TABLE VI-2

SECO fASCO Events

Signal Meas Time from Liftoff (sec}

Ground station SECO

Ground station ASCO

Decoder discrete output

91FS 2

ASCO

0777

0519

0799

343.486 ± 0.003

343.491± 0.003

343.519 ± 0.005

343.539 ± 0.005

343.592 ±0.025

The data shown in Table VI-2 indicate that the SECO time delay from

ground station issuance to 91FS 2 was 53 + 8 milliseconds. The time

delay between 91FS 2 and ASCO reception was 53 ± 30 milliseconds.
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B. SPACECRAFT INERTIAL
GUIDANCE SYSTEM ASCENT PERFORMANCE

1. Prelaunch Nulls

The prelaunch IGS attitude error null signals were as follows:

Pitch -0. 087 degree

Yaw +0.140 degree

Roll +0. 025 degree

These signals were well within the specification values of ± 0.42 degree
in pitch and yaw and ± I. 30 degrees in roll.

2. Stage I Performance

IGS performance during Stage I flight correlated well with the pri-
mary system. This is shown by a comparison of IGS and corresponding
primary system attitude errors in Figs. IV-2 through IV-4, which show
the dispersions between IGS and primary system attitude errors at BECO.
These dispersions are primarily due to TARS and IGS in tolerance drifts
and programmer errors.

The IGS Stage I gain change discrete was issued at LO + 110. 161
seconds + 0. 025 second, which was well within the specification time
of 110.00 seconds + 1%.

3. Stage II Performance

IGS attitude errors indicated that IGS performance during Stage II

flight was normal.

a. Stage II pitch

IGS Stage II pitch attitude error is shown in Fig. VI-1. Primary
system pitch attitude error and RGS pitch steering commands are shown
for comparison.

IGS closed-loop pitch guidance began at LO + 168. 087 seconds. IGS
pitch attitude error built up to +5. 11 degrees shortly thereafter and
remained at this value for approximately 1.3 seconds. Figure VI-1
shows that, due to the RGS pitch rate command, the TARS pitch attitude
error built up during this same time period to about +1.5 degrees.
IGS pitch behavior during this period was normal and compares well
with primary system behavior in correcting the vehicle trajectory errors.
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As the RGS pitched the vehicle down, IGS pitch attitude error de-
creased to +0.5 degree within 11 seconds. For the remainder of
Stage II flight, IGS pitch output remained within limits of +0". 5 to -0.8
degree. The pitch-up attitude error (pitch-down command), which
built up just prior to SECO, was due to the influence on the vehicle of
the RGS pitch steering oscillations. This effect, due to erroneous noise
induced RGS pitch commands, has been noted on previous flights.

b. Stage II yaw

IGS Stage II yaw attitude error is shown in Fig. VI-2. Primary
system yaw attitude error and RGS yaw steering commands are shown
for comparison. Yaw steering began at the same time as pitch. The
IGS yaw attitude error saturated at +5.97 degrees shortly thereafter
and remained on saturation for approximately 1.5 seconds. Figure VI-2
shows that the TARS yaw attitude error built up during this same period
to approximately +2.6 degrees due to the RGS yaw left rate command.
Therefore, IGS yaw behavior during this period appears to be normal
and compares well with the primary system behavior in correcting the
vehicle trajectory.

Thereafter, the IGS yaw attitude error decreased to +0.05 degree
within 17 seconds as the RGS command yawed the vehicle left. For the
remainder of Stage II flight, the IGS yaw attitude error remained within
limits of +0.05 to +0.30 degree.

c. Stage II roll

IGS roll attitude error for Stage II is shown in Fig. VI-2, with TARS
roll attitude error shown for comparison. As shown by the increase in
IGS roll output during the latter portion of Stage II flight, there was an
apparent drift rate between TARS and IGS roll. The drift rate was CCW,
IGS with respect to TARS. The dispersion is predominantly due to TARS
roll gyro g-sensitive drift; this type of drift was noted on all flights.
The disturbance indicated in roll between approximately LO +168 and
LO +174 seconds is due to vehicle motions resulting, from the pitch and

yaw guidance commands coupling into roll. This coupling is normal
and was experienced to some degree on all flights.
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VII. ELECTRICAL SYSTEM ANALYSIS

A. CONFIGURATION

The launch vehicle airborne electrical system components in-
stalled for the GT-12 flight were identical to those used on GLV-II.

B. COUNTDOWN AND FLIGHT PERFORMANCE

The airborne electrical system functioned as designed during the
launch and flight, with all parameters within specifications. Power
transfer was comparatively smooth and liftoff occurred without in-
cident.

During staging, the IPS current trace indicated that a squib shorted
to structure, maintaining a current increase of approximately 22
amperes until stage separation. This compares with other staging
shorts encountered on the GT-2, GT-6 and GT-11 flights.

Currents to the Stage II redundant shutdown squibs at SECO were
not detected on either the APS or IPS trace; however, squib operation
was confirmed by Meas 0521.

At spacecraft separation, the launch vehicle/spacecraft electrical
interface was cut by a guillotine in the adapter. This caused a 7.7-
ampere spike on IPS and a 29.0-ampere spike on APS for approximately
100 milliseconds. These guillotine shorts are expected and have oc-
curred on all spacecraft separations except GT-8.

A summary of electrical system parameters measured at power
transfer and during flight is presented in Table VII-1.
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VIII. INSTRUMENTATION SYSTEM

A. AIRBORNE INSTRUMENTATION

1. Prelaunch and Countdown Status

The airborne instrumentation system operated within specified
limits during GT-12 prelaunch testing and countdown. No components
in the system were replaced after simulated flight test.

Ambient checks during the launch countdown verified that all meas-
urements were operating satisfactorily prior to T-0.

2. Data Acquisition

The measurement program for this launch consisted of 15{_ PCM

analog signals and 38 PCM bilevel signals. All channels except

Channel 17 (Meas 0514) functioned properly throughout the flight.

The oxidizer pump inlet temperature (Meas 0514) took an apparent
10.2* F offset at the time of propellant loading and retained the offset
throughout the flight. By using the last data from landline Meas 4604
(Stage II oxidizer tank bulk temperature}, the data from Meas 0514

were corrected, and satisfactory data were obtained during the flight.

3. Instrumentation System Parameters

Instrumentation system parameters, as measured in flight, are
compared with specified limits (Table VIII- 1). All data were within the
required limits.

4. Telemetry Signal Strength (244.3 mc)

Telemetry signal strength records indicated satisfactory signal
levels for data acquisition from the launch vehicle from liftoff to

approximately SECO + 220 seconds. The anticipated staging blackout
lasted approximately 280 milliseconds.

The Cape Kennedy Tel II and Tel III ground stations monitored the
entire flight of the launch vehicle. The Grand Bahama Island station
acquired data from approximately LO + 44 seconds to the end of the
flight. The Grand Turk station acquired data during Stage II flight.
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B. LANDLINE INSTRUMENTATION

1. Countdown Status

The landline instrumentation system operated satisfactorily from
the start of propellant conditioning through the launch countdown up to
liftoff. All instrumentation holdfire functions monitored in the block-

house remained within specification throughout the countdown.

2. Data Acquisition

During propellant loading and launch countdown for GT-12, a total
of 153 measurements, consisting of 33 on stripchart recorders for
loading, 54 landline on stripcharts, 13 on oscillograph, and 24 on
magnetic tape for launch, were monitored and recorded.

Data acquisition for all landline monitored data was 100%.
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_. RANGE SAFETY AND ORDNANCE

A. COMMAND CONTROL RECEIVERS

i. Countdown Performance

The command receiver shutdown, destruct and ASCO tests were
successfully completed. Telemetry records indicated a stable signal
strength of approximately 175 microvolts from the start of range
telemetry records until liftoff. The signal strength levels for this pre-
launch period were consistent with previous open-loop tests on GLV-12.

2. Flight Performance

Command receivers S/N 68 (APS) and S/N 74 (IPS) were flown on

GLV-12. The RF carrier signal level at the command receiver reached
a maximum of 2800 microvolts at LO + 76.28 seconds. The carrier

signal was transferred as follows: Cape Kennedy low power to Cape
Kennedy high power at LO + 66.68 seconds, Cape Kennedy high power
(Station 1) to Grand Bahama Island (GBI) (Station 3) at LO + 119.53
seconds, and GBI to Grand Turk Island (GTI) (Station 7) at LO + 258.58
seconds. The command receivers issued the ASCO signal at LO +
343. 596 seconds, with the signal coming from the GTI transmitter.
The signal level at the time of ASCO was about 200 microvolts.

B. MISTRAM

i. Countdown Performance

The MISTRAM open-loop checks with the MACK Station were suc-
cessfully completed. The MACK station input signals were stable from
T-5 minutes until T-0, when the MACK station shut down. The trans-

ponder telemetry signals were consistent with other open-loop testing
on GLV- 12.

2. Flight Performance

a. Airborne transponder

Transponder S/N 152 was flown on GLV-12. Telemetry data and
ground station reports indicated that the MISTRAM system had a highly
successful flight operation. The transponder locked on to the ground
Station 1 (Valkaria) at LO + 9.43 seconds. From the time of initial

lock-up until handover from System I to System II, there were no sys-
tem unlocks. There was the normal 1.3-second loss of signal due to
the staging plume.
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b. MISTRAM Station 1 (Valkaria)

Station 1 operated in active track from LO + 21 seconds until LO +
389.2 seconds, at which time handover to Station 2 (Eleuthera)
occurred. There was a normal 1.3-second interruption in this active
track because of the staging ionization plume. The primary use of
MISTRAM data for impact prediction is from T + 60 seconds until
spacecraft separation. With the time of spacecraft separation at LO +
366. 724 seconds, MISTRAM was used for aperiod of 306. 724 seconds
(99.57% of the time) as the source of IP data. Utilization of the

primary and secondary IP plots is shown in Table IX-1.

TABLE IX- 1

Range Safety Plotboards Impact Prediction

Primary Plotboard Secondary Plotboard

Usage Time Usage Time
System (sec) System (sec)

MISTRAM

Patrick AFB

TPQ- 18

Cape Kennedy
FPS- 16

Bermuda
FPS- 16

Grand Turk
Island

339.7

1.3

48.3

8.1

i0. i

407.5

Mod III

Merritt Island

TPQ- 18

Patrick AFB

TPQ- 18

Grand Bahama Island

TPQ- 18

Cape Kennedy
FPS- 16

280.6

20.5

17.7

72.8

15.9

407.5

c. MISTRAM Station 2 (Eleuthera)

Station 2 operated in passive track from LO + 120 seconds until
LO + 390 seconds. With the handover from Station 1 at approximately
LO + 390 seconds, Station 2 continued in intermittent active track
through LO + 450 seconds. Station 2 data were not used as source data
for the impact predictor.
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C. ORDNANCE

Stages I and II prevalves, Stage I engine start cartridges and drop-
weights ordnance operated satisfactorily.

Launch release ordnance nuts operated properly, with all nuts
detonating as evidenced by the finding of the four studs and lower nuts.

Stage separation explosive nuts and Stage II engine start cartridge
ordnance operated as required. The TARS timer arm signal occurred
at LO + 144. 518 seconds, and the IPS staging arm timer was actuated
at LO + 144. 979 seconds. Both times were compatible with GLV- 12
trend data on these timers.
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X. MALFUNCTION DETECTION SYSTEM

A. CONFIGURATION

The malfunction detection system (MDS) hardware installed on GLV-
12 for the launch countdown and flight is presented in Table X-1.

TABLE X- 1

MDS Components

Nomenclature

Rate switch

package

Malfunction
detection

package

Tank pressure
transducers,

Stage I

Tank pressure,
transducers,
Stage II

Stage separa-
tion connectors

MDS engine
sw_ches

Stage I

MDS engine
switches

Stage II

Manufac-
Part Number turer Serial Number

PS830600015-027

424-7569205-189

PS746000002- 023

PS746000002- 025

CCI8119A1-9
CCI8119A1-6

Giannini

Martin

Servonics

Servonics

C annon

4020

B035

Fuel A 1125
Fuel B 1139
Oxidizer A 1116
Oxidizer B 1113

Fuel A 2114
Fuel B 2119
Oxidizer A 2129
Oxidizer B 2121

00067
00034

284321

711049-1

Aerojet

Aerojet

S/A 1 primary 0001245
S/A 1 redundant 0001258

S/A 2 primary 0001246
S/A 2 redundant0000805

S/A 3 primary 0000786
S/A 3 redundant 0001257

Data analysis indicated proper performance of all the MDS hardware.

B. SYSTEM PERFORMANCE

Performance of the MDS during the launch countdown and flight
was satisfactory.
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1. Engine Pressure Switches

Operation of the Stage I engine malfunctiondetection thrust chamber
pressure switches (MDTCPS) and the Stage II engine malfunction detec-
tion fuel injector pressure switches (MDFJPS) for the flight is sum-
marized in Table X-2. These switches are required to "make" in a

pressure range of 540 to 600 psia and "break" in a pressure range of
585 to 515 psia. During launch the Stage I engine start transient was
of sufficient amplitude and time duration to cause the S/A 1 MDTCPS
switches to respond momentarily to the thrust chamber pressure. All
MDS engine pressure switches operated properly and within specifica-
tion requirements.

TABLE X- 2

Flight Operation of MDS Engine Pressure Switches

S/A 1 S/A 2 S/A 3

(Meas 0356} (Meas 0357) (Meas 0855}

Make 2046"31. 115 2046:31:115 2049:08. 899
(540 to 600 psia) at 590 psia at 590 psia *

Break 2049:08. 113 2049:08. 134 2052:17. 099

j(585 to 515 psia) at 567 psia at 550 psia *

*S/A 3 fuel injector pressure is not instrumented on the Gemini Launch
Vehicle; hence, make and break pressures were not available.

2. Switchover

The MDS switchover circuitry functioned properly throughout the

flight. There were no switchover commands, and no switchover was
executed, indicating proper performance of the circuitry.

3. Vehicle Rate Detection

The spin motor rotation detectors (SMRDs} contained in the malfunc-
tion detection package functioned properly. The SMRDs monitor rate
switch package (RSP) gyro rotation speed and thereby its rate sensing
capability.

The rate switch package operated properly throughout the count-
down and flight. There were no MDS rate switch operations during any
portion of the flight from llftoff through SECO. Table X-3 compares
the maximum launch vehicle rates, measured during the period from

liftoff through SECO, with the RSP switch settings.
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TABLE X- 3

Maximum Vehicle Rate Compared with Rate Switch Settings

Rate
Switch

Settings
(deg/sec)

Pitch

Stage I Flight Stage II Flight
Flight Event Flight Event

+2.5:-3.0
Yaw +2.5
Roll +20.0

N/A

N/A
N/A

+10
+10

N/A
N/A
N/A+20

Maximum Pitch -0.99 Wind - 1.87 RGS

Vehicle shear steering
Rates
(deg/sec) Yaw +0.49 Wind -2.24 RGS

shear steering

Roll - 1.61 Roll - 2.34 Staging
program

Following SECO +24 seconds (after spacecraft separation), there
were six operations of the rate switches. The rate gyro outputs veri-
fied that rate switch performance was in agreement with the RSP
specification limits. Table X-4 summarizes the rate switch operation.

TABLE X-4

Rate Switch Operation

Specification
Switch Opera-

tion Limits

(deg/sec)

RSP Calibration
Data

Time of
Rate Switch

Operation

Rate Gyro Output

Primary
(deg/sec)

Secondary
(deg/sec)

Yaw A close 2.39 to 2.47 SECO + 24.7 2.25 2.44
j(2.08 to 2.92) sec

Yaw B close 2.60 to 2.71 SECO + 25.7 2.4 2.5
(2.08 to 2.92) sec

Yaw B open 2.17 to 2.23 SECO + 27.3 2.05 2.2
(2.7i to 1.93) sec

Yaw A open 2.19 to 2.29 SECO + 27.6 2.0 2.1
(2.47 to 1.79) sec

Pitch A close 2.44 to 2.57 SECO + 40.2 2.55 2.48
(2.08 to 2.92) sec

Pitch B close 2.29 to 2.44 SECO + 41.2 2.70 2.5
(2.08 to 2.92) sec
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4. Tank Pressure Sensors

All MDS tank pressure transducers operated properly throughout
the countdowns and flight. The maximum difference between the trans-
ducer pairs on each tank is presented in Table X-5.

TABLE X- 5

Maximum Voltage and Pressure Differences Between
Tank Pressure Transducer Pairs

Stage I fuel

Stage I oxidizer

Stage II fuel

Stage II oxidizer

AVolts

(telemetry)

0.027

0.027

0.077

0.086

Percent
of Transducer

Full Range

O. 54

O. 54

i.54

1.72

Apsi

0.15

0

0.8

1.0

Percent of
Transducer

Full Range

0.30

0

1.07

1.33

Figure X-1 presents the calibration curves for the Stage I fuel tank
pressure transducer pairs (A and B) to clarify the percentage variations
between voltages and psi, shown in Table X-5. The maximum difference
of 1.72% of transducer full-range output voltage is well within the
transducer and telemetry system errors.
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XI. CREW SAFETY

A. PRELAUNCH WINDS OPERATIONS

One week prior to the GT-12 launch (3 November 1966), the upper
air winds at Cape Kennedy exceeded the Gemini design specification
winds from 28,000 to 44,000 feet. An analog loads simulation was
performed using these winds to determine if the Gemini go no-go
criteria (limit load} had been exceeded. The load at Station 935 reached
a maximum level of 95.5% of limit load. If this large wind shear had
occurred on launch day, the recommendation would have been to go.

The prelaunch winds operations planned for GT-12 were identical
to all flights since GT-9A, except that analog load simulations were
made on every wind forecast received. All equipment performed
satisfactorily, and all runs were completed on schedule.

Wind data released by the Air Weather Service for GT-12 are
presented in Figs. XI-1 through XI-3. The T-0 sounding in Fig. XI-3
is not part of the scheduled prelaunch wind operations and is shown for
reference only. The prelaunch winds operations performed on each of
the wind data releases are summarized in Table XI-1.

Summary of

Time of Data
Run Release to
No. Martin- Baltimore

F-2 day
1100 EST
11-7-66

F-1 day
1100 EST
11-8-66

4

F- 1 day
1100 EST
11-9-66

F- 1 day
1100 EST
11-10-66

TABLE XI- 1

?relaunch Winds Operations

Op e r at ion

Wind comparison to specification.
Wind in specification; load ratio 0.87;
status go.

Wind comparison to specification.
Trajectory, vehicle loads, vehicle re-
sponse, and switchover structural and
temperature constraints determined by
computer programs. Wind in specifica-
tion; load ratio 0.77; status go.

Same as F-1 day (11-8-66) except load
ratio 0.75.

Same as F-1 day (11-8-66) except load
ratio 0.73.
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TABLE XI- 1 (continued)

Run

No.

Time of Data
Release to

Martin- Baltimore

T- 7 hours
O845 EST
11-11-66

T- 5 hours
1045 EST
11-11-66

T- 3 hours
1245 EST
11-11-66

T- 1 hour
1445 EST
11-11-66

Operation

Back-up trajectory computation com-
pleted by computer programs. Load
ratio 0.73.

Wind comparison to specification. Tra-
jectory, vehicle loads, vehicle response,
tank underpressure constraints, and
switchover structural and temperature
constraints determined by computer pro-
grams. Wind in specification; load ratio
0.74; status go.

Same as T-5 hour run except load ratio
0.75.

Wind comparison to specification. Wind
in specification; load ratio 0.77; status

go. Status phoned to Cape Kennedy and
MCC-Houston prior to launch.

B. SLOW MALFUNCTION MONITORING

1. Prelaunch Phase

Prelaunch activities at MCC-Houston began on 4 November 1966
with a test of the data links with Baltimore. The data links, datafax
and data card, were both satisfactory.

The original F-1 day, 8 November 1966, data were received on
time. However, the secondary autopilot problem and subsequent
launch delay prec!uded scribing a back-up slide.

The back-up slide scribing on 10 November 1966 was delayed
several hours due to a defective computer tape. The problem was
corrected by fabricating a new tape from the symbolic deck to ensure
that the problem would not recur on launch day.

The T-5 hour trajectory and structure-temperature data for
11 November 1966 were received on time at MCC-Houston. The data

were hand plotted on the staff support room (SSR) 30- x 30-inch plot-
board sheets, and the card deck was held in reserve for real-time
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computer complex (RTCC) utilization in the event that the T-3 hour
data were not available in time to scribe the 10- x 10-foot display in
the MOCR. The T-3 hour data were received on time, and all data were
scribed in both the MOCR and the SSR by T-26 minutes. The countdown
after the AATV launch was normal at MCC-Houston. The T-3 minute

update from Burroughs was on time and agreed perfectly with the de-

sired A L at 100.6 degrees. Liftoff occurred at 2046:33.419 GMT on

11 November 1966.

2. Launch Phase

a. Stage I

Thrust misalignment at liftoff was slight in all three axes as ob-
served on the strip chart recordings in pitch {Fig. XI-4) and in yaw-
roll (Fig. XI-5).

The VI - _P actual trajectory and the T-3 hour predicted trajec-

tory were in closest agreement observed throughout the program (Fig.

XI-6). The Vy - T E actual plot was approximately 50 fps less than

predicted at BECO (Fig. XI-7).

The TARS and IGS were in close agreement throughout Stage I flight
both in attitude errors and in programmed functions.

Staging conditions on the guidance monitor displays were VI = 10,048

fps, _p = 18.3 degrees and Vy = -38 fps. The IGS attitude errors at

staging were 0.72 degree nose up in pitch, zero degrees in roll and 0.12

degree nose right in yaw.

b. Stage II

RGS and IGS were in perfect agreement during the guided portion of
Stage II flight. The RGS pitch displayed a slightly noisy operation for

approximately the last 60 seconds of powered flight. The noisy _pn

signal and subsequent noisy V I - Yp trace on plotboard VA were much

less than observed on past flights and caused no monitor concern.
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C. STAGING ANOMALY

A review of motion picture films from ground tracking stations and
a downrange KC-135 aircraft indicates abnormal behavior of Stage I
after staging. After a normal Stage II engine ignition and a separation
of 30 to 40 feet, the Stage I oxidizer tank was observed to rupture and
vent. This was followed by a delaye d rupture of the fuel tank.

Figure XI-8 shows a comparison of the times of significant events
as indicated by telemetry and visual observations made from three
different vantage points. The ALOTS camera view was at right angles
to the vehicle flight path while the Melbourne and Cocoa Beach views
were at two different angles to the aft end of the vehicle. MDTCPS
break and BECO corresponded with the time the Stage I engine light
went out. The time at which the bright red oxidizer first blew out the
exhaust ports corresponds well with the telemetered time of the rapid
Stage II engine chamber pressure rise. Stage I engine firing could not
be seen on the ALOTS film because the luminous inner surface of the

engine bell was faced away from the camera; however, the other two
films show that BECO coincides with the frame in which the Stage I
engine light was observed to go out.

Two Stage I engine chamber pressure resurges were observed dur-
ing thrust tailoff. The first resurge (0.1 second after BECO} was small
but may have been the cause of the red flash aft of the Stage I engine.
The second resurge (0.4 second after BECO} was large (45% of full
thrust}, and it appeared on film as though the engine were burning at
full thrust for one frame.

All three films showed the yellow gas generator exhaust emerging
from the exhaust ports 0.5 second after BECO. The bright red
oxidizer flash at Stage II engine start is obvious on all three films.
The time of interstage breakup is approximately 0.07 second later
than that of Titan II N-25. However, it is still considered to be nor-
mal. At 1.3 seconds after BECO, the Stage I oxidizer tank ruptured
and released a cloud of red vapor which dissipated in 0.5 second.

Stage I was observed to be still virtually intact after the oxidizer gas
was released. One frame prior to the rupture, Stage I separation was
observed to be approximately 32 feet, and Stage I was pitched down at
an apparent angle of 17 degrees.

An interstage or oxidizer tank dome fragment was observed to be
traveling down the length of the Stage I fuel tank starting 0.6 second
after the Stage I oxidizer tank ruptured. The fragment appeared to hit
the aft end of the fuel tank wall and create a small leak. The leak

became larger until at 0.9 second after the oxidizer tank rupture, the

Stage I fuel tank ruptured. Stage I fuel tank panels then blew out, and
the Stage I oxidizer tank and the Stage I engine assembly jackknifed
about, the area where the fuel tank had been.
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This is the second flight of the GLV series in which a staging
anomaly was observed. A similar event occurred during staging of
GT-10 and was also observed during the flight of Titan II B-6, B-15,
N-8 and N-I1. The plume diameter of venting gases versus time

from 87FS 2 is shown in Fig. XI-9 for the flights under study. The

Titan II N-18 plume plot is shown but was attributed to inadvertent

destruct and, therefore, is not classified in the same family of events.
It is also noted that the Stage I flight of N-11 was terminated pre-
maturely by a POGO shutdown and, therefore, exhibits different plume
characteristics. The other GLV and Titan events show similar plume

characteristics, e.g., time after 87FS2, rate of expansion and a two-

phase venting which is attributed to sequential rupture of tanks. How-
ever, the greatest time delay for any event to date between rupture of
tanks was observed on GT-12, where 0.9 second elapsed between rup-
ture of the oxidizer and fuel tanks.

Conclusions as to the cause and consequences of the GT-12 staging
anomaly are as follows.

(1) The most probable causes of Stage I tank rupture were the
following :

(a) Penetration of the oxidizer dome or sidewall by debris
from the interstage breakup. Stage I attitude divergence,
observed during and after separation, resulted in asym-
metrical interstage breakup and debris acceleration by
the Stage II engine toward the diverging Stage I. Ob-
served Stage I engine resurges during staging con-
tributed to attitude divergence. Interstage and/or
oxidizer tank debris penetration was the probable cause
of fuel tank rupture. After oxidizer tank rupture,
Stage I continued to tumble and presented a larger
target for accelerated debris. This conclusion is con-

sistent with the observed fragment trajectory and the
time delay previously discussed.

(b) Burnthrough of the Stage I oxidizer dome surface after
exposure by cracking and/or flaking of the dome ablator.
The integrity of the ablator was verified by special pre-
launch inspection. However, because of the observed

initial venting at the forward end of Stage I, this pos-
sible cause cannot be eliminated.

(2) Consequences of the staging anomaly were not detrimental
to the GT-12 mission.
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(a)

(b)

(c)

Rapid growth of the venting oxidizer gases enveloped
Stage II for 0.07 second. However, there was no in-
dication of intense heat or overpressure at the aft end
of Stage II.

Observed particle velocities along the flight path were
on the order of 100 fps with respect to Stage II. This
is well below the engine plume penetration limits.

There were no effects on Stage II flight performance
indicated by telemetry or visual observation.
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XII. AIRFRAME SYSTEM

A. STRUCTURAL LOADS

Analysis of GT-1"2 flight data indicates that the loads experienced
were well within the structural capability of the launch vehicle. Char-

acteristically, the most critical loading occurred at pre-BECO, where

the load aft of Station 320 reached 87.3% of design limit load in com-

pression (DLLc). Instrumentation for dynamic response data consisted

of rate gyros for lateral dynamic loads and axially mounted accelerom-

eters for longitudinal dynamic loads. No anomalies affecting the air-
frame occurred during flight.

I. Preignition

The 1 g deadweight distribution is the only contribution to steady
axial loading in the preignition period. Ground winds were approximately
7 mph from a direction of from 080 degrees to 090 degrees, resulting in
steady bending loads of 12,000 in. -lb and wind induced oscillatory (WIO)
loads of +41,000 in. -lb (Fig. XII-1) at Station 1224. The WIO response
represents approximately 2% of the WIO design limit bending moment;
Table XII-1 shows the comparison of GLV WIO loads to date.

TABLE XII- 1

Comparison of WIO Loads

F light

GT-1
GT-2
GT-3
GT-4
GT-5
GT-7
GT- 6A
GT-8

GT- 9A
GT-10

GT-II

GT-12

Ground Winds

Velocity

(mph)

13 to 17
7to 10
14
5
4
14 to 20
4to 7
16 to 18

(gusts to 22)
20
12
3

(gusts to 6)
7

Azimuth

(deg)

188 to 193
321 to 326
150
040
053
320 to 330
200 to 225
333 to 340

080
000

210

08O

to 237

to 090

WIO Load at Station 1224

(% of WIO design limit bending
moment)

52
5

29

3

2

40
2

46

26

20

4

2
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2. Launch Prerelease

Ignition transients were normal, and the attendant dynamic axial
loads as measured by the BLH system together with the steady axial
load are shown in Fig. XII-2. The prerelease lateral dynamic load-
ing was due to the combined effects of ground winds and engine start
transients; this loading is shown in Fig. XII-3.

3. Launch Postrelease

A comparison (Table XII-2) of the GT-12 liftoffload factor with

those of previous launches indicates that this flight experienced one of
the lowest initial steady accelerations, which was anticipated.

TABLE XII- 2

Comparison of Liftoff Load Factors

Liftoff Load Factor

Flight (g)

GT-I

GT-2

GT-3

GT-4

GT-5

GT-7

GT- 6A

GT-8

GT- 9A

GT-10

GT-11

GT-12

1.27

1.27

1.27

1.27

1.28

1.26

1.25

1.26

1.26

1.27

1.25

1.25

Dynamic deformation modes in evidence at postrelease consisted
of the first, second and third structural bending and Stage I engine
modes in the lateral plane and the first axial mode in the longitudinal
direction. Frequency correlation between calculated and observed
modes at significant times during the flight is given in Figs. XII-3 and
XII-4; the resulting dynamic bending moment in the postrelease condi-
tion is shown in Fig. XII-3.
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4. Stage I Flight

The most significant periods of Stage I flight for airframe loading

occurred at Max C N qa and pre-BECO; Max C N qa occurred at LO +

74 seconds, and maximum loading (pre-BECO) occurred at LO + 154
seconds.

Winds aloft during the boost phase of flight were moderate. The
wind magnitude at LO + 74 seconds was 32% of the design specification
level, and the wind azimuth (tail) was similar to that of previous
flights. The combined effects of moderate wind magnitude, azimuth
and near-nominal trajectory resulted in lower-than-average airframe

loading at Max C N qa. The comparison of in-flight airframe loading

for all Gemini launches is shown in Table XH-3.

Flight

GT-I

GT-2

GT-3

GT-4

GT-5

GT-7

GT-6A

GT-8

GT- 9A

GT-10

GT-11

GT-12

TABLE XII- 3

Structural Loads Comparison

At Max CN, * qa

Station 935

(% of DLL c)

79.6

77.5

75.9

82.6

69.2

70.4

72.3

80.2

71.9

71.8

69.8

67.8

At Pre-BECO

Station 320 +

(% of DLL c)

86.0

90. I

87.4

91.0

88.7

88.7

93.3

92.8

89. 1

88.8

9O. 1

87.3

Dynamic bending moments obtained from the rate gyro responses

in the Max C N qa and pre-BECO regions of flight are shown in Fig.
a

XII-4. Steady axial acceleration at pre-BECO is given in Table XII-4.
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TABLE XII-4

Steady Axial Accelerations at Pre-BECO

Pre-BECO Axial Acceleration

Flight (g)

GT-I

GT-2

GT-3

GT-4

GT-5

GT-7

GT - 6A

GT-8

GT- 9A

GT- i0

GT-II

GT-12

5.61

5.69

5.63

5.63

5.55

5.56

5.46

5.57

5.52

5.53

5.49

5.52

Stage I engine shutdown transients, as recorded by the axial ac-
celerometers, were rougher than usual and are attributed to the fuel
exhaustion-type shutdown and to an apparent momentary reignition.
Similar fuel exhaustion shutdowns were experienced on GT-4, GT-8,
GT-9A, GT-10 and'GT-11.

Motion picture tracking films indicate that the Stage I engine re-
ignited momentarily, confirming the accelerometer data. Stage sep-
aration was followed by the appearance of a reddish-brown cloud and,
then, a white cloud; considerable debris also was evident from the

tracking film. This visual evidence indicates that the Stage I oxidizer
tank (reddish-brown cloud} and the Stage I fuel tank (white cloud}
ruptured after staging. Telemetry data do not show the cause(s) of
rupture of the propellant tanks, but these events had no effect on the
satisfactory operation of Stage II. A similar occurrence of Stage I
oxidizer tank rupture after staging was noted on GLV-10 and was
documented in Chapter XII of Ref. (2).

The Gemini 12 astronauts reported during technical debriefings that

they saw three flashes of light during the staging sequence. These
flashes most likely coincide with Stage II engine ignition and the two

vapor clouds which resulted from rupture of the Stage I propellant
tanks.
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5. Stage II Flight

Propellant slosh oscillations, associated with the calculated Stage II
fuel slosh mode, occurred continuously from LO + 235 seconds to LO
+ 320 seconds; the amplitude of the oscillations was small (+0. 19 deg/
sec at LO + 299 seconds), as indicated by both pitch (predominant) and
yaw rate gyros. In addition, propellant slosh transients reaching an
amplitude of ±0.16 deg/sec (similar to that experienced on previous
flights) occurred immediately after staging and lasted approximately
14 seconds.

Axial dynamic oscillations occurred throughout Stage II flight with
a frequency of approximately 6.5 cps to 25 cps and a maximum ampli-
tude of +0. 10 g at LO + 287 seconds at the spacecraft/launch vehicle
interface. Analysis of these data indicates that the oscillations were
normal and had no adverse effect on Stage II operation.

The steady axial acceleration at SECO, shown in Table XII-5, was
lower than on any GLV flight and was anticipated. This is attributed
to a combination of relatively low thrust level at SECO, one of the
heaviest GLV spacecrafts ever orbited and trajectory requirements for
this mission. Stage II engine shutdown at SECO, as indicated by axial
acceleration decay transients, was normal.

TABLE XII-5

Steady Axial Accelerations at SECO

SECO Axial Acceleration

Flight (g)

GT-I

GT-2

GT-3

GT-4

GT-5

GT-7

GT- 6A

GT-8

GT- 9A

GT-10

GT-II

GT-12

7.35

7.70

7.50

7.42

7.56

7.23

7.33

7.20

7.20

7.20

7.17

7.13

UNCLASSIFIED
ER 13227-12



xII-1o UNC LA SSIFIED

There was one minor indication of post-SECO disturbance on the

low range (+0.5 g, Meas 0699) axial accelerometer. The time of
occurrence of this disturbance and its associated g level was 0.02 g

peak-to-peak at SECO + 4. 10 seconds. Spacecraft separation from
the sustainer occurred at SECO + 23. 19 seconds.

6. Total Airframe Loads

A summary of the total airframe loads (quasi-steady axial, dynamic
and equivalent axial loads from quasi-steady and dynamic bending
moments) for significant structural loading conditions at critical sta-
tions is presented in Table XII-6. Complete vehicle loading at signi-
ficant flight times is shown in Figs. XII-5 through XII-9. The maxi-
mum load at any station and the loading condition for which it occurred
are shown in Fig. XII-10.

TABLE XIi- 6

Summary of Total Airframe Loads

Flight Condition

Prerelease

Postrelease

Max C N qa

(LO + 74 sec)

Pr e - BE CO
(LO + 154 sec)

Pre-SECO
(LO + 343 sec)

Total Airframe Load

(% of DLL at
c

critical station}

66.8

78.7

67.8, 87.2

87.3

Critical
Station

1188"

1188.

935,

70.5

1188.

*Just aft of station

B. POGO

Analysis of GT-12 telemetry data showed that the POGO suppression
devices (fuel accumulators and oxidizer standpipes) operated satisfactorily.
No pressure oscillations associated with airframe structural resonances
were detected in either the oxidizer or the fuel feedline.

Bandpass filtering of the analog reconstruction of PCM/FM telem-

etry CMeas 0670) indicates that the maximum intermittent longitudinal
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oscillation at the spacecraft/launch vehicle interface occurred at LO

+ 126. 1 seconds. The amplitude of these oscillations was 0. 140 g
zero-to-peak with a response frequency of 11.2 cps, and the oscilla-
tions lasted approximately 2-1/2 seconds, well within the maximum
acceptable level.

The time history of suppressed POGO response amplitude for Com-
partments 1 and 5 is shown in Fig. XII-11. Figure XII-12 shows a com-
parison of longitudinal oscillations for the last four GLV flights. In
addition, Table XII-7 shows the comparison of the maximum suppressed
PC)GO response data for all GLV flights.
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XIII. AGE AND FACILITIES

A. MECHANICAL AGE

1. Precount Operations

The mechanical AGE utilized prior to countdown is primarily for
transport and erection of Stages I and II. All equipment functioned
normally. Both stages of GLV-12 were airlifted to Cape Kennedy by
the B377 SG aircraft.

2. Countdown Launch Operations --GT-12

Analysis of magnetic tape recordings of functions carried through
the electrical umbilicals and the inspection of film confirm that all
electrical launch vehicle umbilicals separated cleanly. The release
times of these umbilicals are presented in Table XIH-1.

TABLE XIII- 1

Electrical Umbilical Disconnect Sequence

Time of Disconnect
Umbilical De signation (GMT)

3D1M/3D2M
3D1E
3D2E
3B1E
2B1E
2B2E

2046:33.404
33.641
33.818
34.071
34.217
34.238

Film coverage of the spacecraft lower umbilicals (Cables B and C)
was off target; therefore, evaluation of this separation was not made.
All other flyaway umbilicals separated cleanly.

3. Postlaunch Operations

Mechanical AGE damage was minimal and was directly attributable
to blast temperatures and pressures.

B. MASTER OPERATIONS CONTROL SET

Analysis of the MOCS automatic sequence records shows that all

functions were properly performed. The automatic countdown sequence
was picked up at T-35:00.5 minutes and proceeded on schedule to the
programmed hold at T-03:00.2 minutes. After a planned hold the count
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was resumed and continued through a successful liftoff. MOCS T-0
occurred at 2046:30. 136 GMT, followed byMDTCPS break at T + 0.969
second. Critical functions holdfire E-6 was interrogated for shutdown
betweenT + 2.2 seconds and MDTCPS + 1.8 seconds with a resultant

go condition. The following MOCS functions were generated as specified.

MDTCPS+I. 6 seconds

MDTCPS+I. 8 seconds (holdfire lockout)

MDTCPS+2.0 seconds (launch release signal)

The launch operation through liftoff was completed at 2046:33. 419 GMT
(T + 3. 283 seconds).

The recorders were changed to high speed at T-2 minutes. During
the automatic portion of the count, the operation of the sequencer was
compared to the real-time trace and patch lift. All traces were checked
for time of occurrence and were found to be correct and consistent with

the planned operation of the sequencer.

C. FACILITIES

All facility items functioned properly throughout the countdown, and
launch damage to facility items caused by engine blast and heat was
minor. The most significant damage items follow:

Complete Vehicle Erector

(i)

(2)

Weather curtains NR-9, NR-35, SR-9, SL-9, SR-15, SL-15

and SC-15 were damaged.

Lights on the underside of the 9 foot 8 inch and 26 foot 7 inch
levels were damaged.

Complete Vehicle Umbilical Tower

(i) The hand rail kick plate on the boom I-I/2 level was blown off.
off.

Deck Area

(i) A section of deck grating in front of the west elevator broke
loose.
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XIV. RELIABILITY

Based on countdown experience through GLV-11, the average num-
ber of holds per countdown (h) was calculated to be 0. 067, i.e., one

hold per 15 countdowns. The probability of GLV-12 completing the
countdown without a hold was predicted to be

PC/D (_ : O. 067) = 0. 936

Including the GLV- 12 countdown, the average number of holds per
countdown is shown in Table XIV-1 to be 0. 062, i.e., one hold in 16

countdowns. The probability of another GLV completing countdown
without a hold would be

PC/D (_ = 0. 062) = 0. 940

is based on countdown experience from T-240 minutes to T-0, ex-

cept for the GLV- 5 attempt, which was scrubbed at T- 10 minutes.
Spacecraft holds and SCF tests were not considered.

Countdown experience for all GLVs is included in Table XIV-1.

TABLE XIV- 1

Countdown Data

Number Number

Vehicle No. of Countdowns of Holds$ Remarks

GLV- 1

GLV- 2

(attempt)

GLV-2

GLV-3

GLV- 4

GLV- 5

(attempt)

GLV- 5

0

0

0

0

3 S/C holds
Tandem actuator failed
after T-0

1 S/C hold

1 hold--not Martin' s re-

sponsibility (oxidizer leak
in Stage I engine trans-
ducer)

Erector stuck during
lowering

1 S/C hold. Incomplete
countdown--scrubbed at
T-10 due to weather
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'FABLE XIV- 1 (continued)

Vehicle No.

GLV-6

(attempt on
25 Oct 6 5)

GLV- 7

GLV-6

(attempt on
12 Dec 65)

GLV-6
(launched on
15 Dec 6 5)

GLV-8

GLV-9

(attempt on
17 May 66)

G LV-9

(attempt on
1 June 66)

GLV-9
(launched on
3 June 66)

GLV-10

GLV-11

(attempt on
10 Sept 66)

GLV- 11
(launched on
12 Sept 66)

Number
of Countdowns

1

0

Number
of Holds*

0

0

0

0

0

0

GLV- 12 1 0

Total 16 1

Remarks

Incomplete countdown--
scrubbed at T-42 due to

Agena failure

Umbilical failed (pre-
maturely disconnected),
and dust cap left in gas
generator line--both after
T-0

Incomplete countdown--
scrubbed at T-84 due to
A tlas / Agena failure

Recycled at T-1.6 due to
spacecraft computer
failure to receive its

guidance update; sub-
sequently scrubbed

Incomplete countdown
scrubbed at T-120 due to

Atlas control system

Note: Prediction for another GLV based on data through GT-12

*Based on Martin holds only.
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XV. RANGE DATA

A. LAUNCH DATA DISTRIBUTION

1. Quick-Look Range Data

All available quick-look data were supplied by ETR to Martin-Baltimore
as shown in Table XV-1.

TABLE XV- 1

Range Supplied Quick-Look Data

Descri._tion

Telemetry magnetic
t ape s:

Tel IV, PCM/FM

FR600 (6 rolls)

Station 1 formatted

final (3 rolls)

Time
Requested

(hr)

T+I

T+9

Time Received
(ETR)
{hr)

T+2

T+5

Time Received
(Baltimore)

(hr)

T+ 24

T+ 24

The PCM serial magnetic tape was of good quality. The final for-
matted magnetic tape was of good quality and contained no redundancies.
Except for approximately 280 milliseconds of transmission blackout
during booster staging, the Tel II formatted tape showed only 11 bad
data words from LO - 1 5 seconds to IX) + 396 seconds.

2. Martin Data

Test data and records acquired and generated by Martin at Cape
Kennedy were received in Baltimore within two days after launch.
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These data consisted of the following items:

(1) One set of quick-look records from RCA tape

(2) High speed records of engine parameters

(3) Landline records (events, Bristol, Multipoint and Sanborn)
with associated calibrations

{4) BLH tabulations

(5) CP 2600 records (2612, 2650 and 2660)

(6) Sequencer records with code sheets

(7) Dub of Complex 19 landline magnetic tape

(8) Fuel and oxidizer loading records.

3. Range Data

All data supplied by the ETR are summarized in Table XV-2. The
time requested for delivery to Martin-Canaveral (Ref. 6555th ATW Form
1-116, dated 9 November 1966) and the time received at Baltimore are
shown in this table.

TABLE XV-2

Range Supplied Data

OD
Item No.

19

2O

26

De scription

Position, velocity, accelera-
tion and special parameters
(radar)

Position, velocity and accel-
eration MISTRAM I

Position, velocity, accelera-
tion and special parameters,
MISTRAM I and MISTRAM II

Best estimate of trajectory
and special parameters

Time

Requested
(C anave r al)

4 CD

5 CD

11 WD

15 WD

Time
Received

(Baltimore)

19CD

7CD

17WD

20 WD
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TABLE XV-2 (continued)

OD
Item No.

236

114

125

108

111

113

120

19.5-12

1.5-2

3.5-2

2

De scription

Standard orbital parameters

Real-time computer facility
selected sources

Quick-look reduction, tra-
jectory parameters, KSC

Weather,
tion 1

Weather,
Station 1

R awinsonde Sta-

wind profile

Weather, surface, Sta-
tion 1

Weather,
Station 1

Weather,
Station 1

Weather,
1 (200K)

tower 7001701,

triple theodolite,

Metroc, Station

Time

Requested
(Canaveral}

3 hr

12 hr

1 CD

Magnetic tape, serial PCM
FR600 quick-look (Tel IV)

Magnetic tape, serial PCM
FR600 final (Tel IV)

6 hr

6 hr

Magnetic tape, serial PCM
FR60O (GBI)

Magnetic tape, formatted
PCM quick-look (Tel II)

Magnetic tape, formatted
PCM final (Tel II)

1WD

1 WD

3 WD

3WD

1 hr

I WD

3 CD

4 hr

9 hr

Time

Received

(Baltimore)

2 WD

4 CD

2 WD

2 WD

2 WD

3 WD

2 WD

7 WD

2 hr

4 CD

##

5 hr

UNCLASSIFIED
ER 13227-12



xv-4 UNCLASSIFIED

TABLE XV-2 (continued)

OD
Item No.

4

19.5-5

I.5-51

3.5-5

4.5-3

7.5-3

91.3-4

i. ii-i

i. 11-5

1.11-6

3. II-i

3.11-3

De scription

Magnetic tape, formatted
PCM (GBI)

Signal strength, center
frequency recording (Tel
Iv)

Signal strength, center
frequency recording (Tel
In)

Signal strength, center
frequency recording
(GBI)

Signal strength, center
frequency recording
(Eleuthra)

Signal strength, center
frequency recording
(Grand Turk)

Signal strength, center
frequency recording
(Antigua)

Command control re-

cording (Station 1)

Command control re-

cording (Station 1)

Command control re-

cording (Station 1)

Command control re-

cording (GBI)

Command control re-

cording (GBI)

Time

Requested

(Canaveral)

I CD

I CD

t CD

3 CD

3 CD

3 WD

3WD

3WD

5 WD

5 WD

Time
Received

(Baltimore)

20 CD

20 CD

20 CD

7 CD

9 WD

12 WD

12 WD
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TABLE XV-2 (continued)

OD
Item No.

7,11-1

7.11-3

i. 11-4

3. 11-2

7. 11-2

i. ti-25

3.11-25

7.11-25

91.11-2

1.18

5.4.1.2

2.4-1

1.6-62

229

243

De scription

Command control re-

cording (Grand Turk)

Command control re-

cording (Grand Turk)

Command control op-

erator's log (GBI)

Command control op-

erator's log (GBI)

Command control op-

erator's log (Grand
Turk)

Command antenna point-
ing data (Station i)

Command antenna point-
ing data (GBI)

Command antenna point-

ing data (Grand Turk)

Command antenna point-

ing data (Antigua)

Range safety plotboard
charts

Propellant analysis report

Preliminary test report

Special FCA log

Vehicle engineering units
(KSC NASA)

Vehicle computer words
(KSC NASA)

Time

Requested
(C anaver al)

5 WD

5 WD

3 WD

3 WD

3 WD

5 CD

5 CD

5 CD

5 CD

4 hr

2 WD

2 hr

3 WD

2 CD

1 CD

Time
Received

(Baltimore)

12WD

5 WD

llWD

5 WD

7 CD

7 CD

7 CD

2 WD

2 WD

2 WD
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TABLE XV-2 (continued)

OD
Item No.

225

De scription

Vehicle bilevels (KSC NASA)

Time

Requested
(C anaver al)

1 CD

Time
Received

( Baltimore I

CD

WD

-- Calendar days

= Working days

= Data not received as of 13 December 1966

= Not required, final received 9 hr

= Supplemental data received

4. Agency/Contractor Supplied Data

Table XV-3 presents data received from associated contractors and
NASA-MSC.

TABLE XV- 3

Agency/Contractor Supplied Data

De scription

Mod III radio guidance system

Spacecraft ascent mode

Spacecraft bilevel events

GE Mod III MISTRAM plotcharts

Supplier

GE-Syracuse

IBM-Bethesda

NASA

GE C ape

Received
(Baltimore)

4 CD

10 CD

10 CD

B. FILM COVERAGE

Photographic coverage (Table XV-4) of the GT-12 launch was ex-
cellent throughout the flight.

The C-135 aircraft with the airborne lightweight optical tracking

system (ALOTS) was in position to obtain the best view of staging.

Tracking films (Items 1.2-40, RTCB, 1.2-41, RTMB and ALOTS)
were reviewed for information pertaining to the staging event. The
coverage was excellent. A description of the staging event is con-
tained in Chapter XI.
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XVI. PRELAUNCH AND COUNTDOWN OPERATIONS

A. PRELAUNCH

i. Simulated Flight Test

The GT-12 simulated flight test (SFT) was successfully performed
on 2 November 1966 in accordance with the Martin test (Ref. 13). The
countdown for the secondary run was started at T-45 minutes (1015
EST) and was completed successfully at T + 6 minutes. Following re-
cycle, the countdown for the primary run was started at T-3 minutes
(1157 EST) and was completed successfully at T + 6 minutes.

2. Precountdown Activities

Final power was applied to the launch vehicle at 0648 EST on
8 November 1966. The precountdown tests were scheduled to start at

1200 EST; however, due to a secondary system 26-volt 800-cycle power
failure at 1130 EST, the precount and subsequent launch was delayed
24 hours. The spacecraft remote power up portion (T-770 to T-740) of
the precount was performed successfully.

During the troubleshooting operation, the secondary autopilot and
secondary Stage I rate gyro packages were removed for failure analysis
at Martin-Baltimore. Replacement packages were installed and re-
tested successfully. While applying final power to the launch vehicle
at 0831 EST on 9 November 1966, a secondary Stage II rate gyro SMRD
no-go was observed for approximately 45 seconds. The secondary
autopilot was replaced, and the launch was delayed 24 hours.

On 10 November 1966, the autopilot retest was completed, and final
power was applied to the launch vehicle at approximately 0700 EST.
The precountdown tests were started at 1200 EST, with the range se-
quencer at T-740 minutes and counting. The tests were completed
successfully, and the range sequencer was secured at T-530 minutes
(1530 EST).

Propellant loading started on schedule at 0253 EST on 11 November

1966 and was completed successfully at 0613 EST. The range sequencer
was restarted on schedule for the Atlas/Agena countdown at T-530
minutes at 0653 EST.

B. LAUNCH COUNTDOWN SUMMARY

The launch countdown was picked up on schedule at 1143 EST on
11 November 1966. The 240-minute countdown was performed in
accordance with the Martin test (Ref. 14). The countdown progressed
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smoothly, and flight crew ingress occurred on schedule at T-115
minutes. Atlas/Agena liftoff occurred on schedule at T-95 minutes.
The countdown continued without incident, and the programmed hold

was initiated automatically as planned at T-3 minutes to adjust for the
proper liftoff time of the launch vehicle. The hold was in effect for
3 minutes and 29 seconds. The countdown was resumed at T-3 minutes,
and liftoff occurred on schedule at 1546 EST for a successful launch.

The countdown schedule is shown in Fig. XVI-1.
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XVII. CONFIGURATION SUMMARY

A. LAUNCH VEHICLE SYSTEMS DESCRIPTION

The Gemini Launch Vehicle (GLV) is a modified two-stage Titan II
intercontinental ballistics missile (ICBM) which has been "man rated"

for Gemini usage. The propulsion system in each stage uses hyper-

golic (self-igniting upon mixture) propellants. Modifications to the
basic Titan II vehicle to achieve the ' man rated" GLV follow:

(i)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

Addition of a completely redundant malfunction detection
system (MDS).

Replacement of the Titan II inertial guidance system (IGS)

with the Mod III-G radio guidance system (RGS).

Addition of a three-axis reference system (TARS) to provide
attitude reference and open-loop programming to the auto-
pilot.

Addition of a secondary flight control system (FCS).

Addition of a secondary Stage I hydraulic system.

Addition of the capability of switchover to the secondary
guidance, flight control, and hydraulic systems.

Provision of redundancy in electrical sequencing by APS
and IPS power.

Provision of an engine shutdown capability from the space-
craft.

Provision of a 120-inch diameter cylindrical skirt forward
of the Stage H oxidizer tank for mating the spacecraft to the
launch vehicle.

Removal of the retrorockets, vernier rockets and asso-

ciated equipment.

Addition of fuel line spring-piston accumulators and oxidizer
line tuned standpipes for suppression of PC)GO vibrations.

Capability for redundant Stage II engine shutdown (GLV-3
and up).
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The only significant GLV-12 change from the GLV-11 configuration
was the addition of a delay timer {0.5 to 10.0 second} to the flight con-
trols system to change the time of gain change No. 1 from 104.96 to
110.0 seconds.

A detailed description of all GLV systems is presented in Martin
Engineering Report, "Launch Vehicle No. 4 Flight Evaluation" (Ref. 8}.

B. MAJOR COMPONENTS

The two major GT-12 components were as follows:

(1) Spacecraft

(a) Manufacturer: McDonnell Aircraft Corporation

(b) Serial Number: Spacecraft Number 12

(2) Gemini Launch Vehicle

(a) Manufacturer: Martin Company

(b) Serial Number: GLV-12

(c) Air Force Serial Number: 62-12567

Figure XVII- 1 shows the general arrangement of the GLV.
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APPENDIX A

SUMMARY OF GEMINI LAUNCHES
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